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GENERAL SUMMARY AND CONCLUSIONS 
1. The grid method of sampling as described herein can 
be adapted to widely differing farming situations and if 
properly used will provide unbiased samples of farms. 
2. The most suitable size of grid for sampling varies 
according to the nature of the farming area and to the kind 
and extent of stratification, the method of estimation or 
expansion and cost situations for the kinds of inquiries 
being considered. The best size of grid for the surveys con-
sidered seems to be somewhat between a quarter-section 
and a full-section. 
3. Stratification, if properly applied, is an effective and 
efficient means of reducing sampling error. In many of 
the counties where farm types differ so widely, such as in 
California and Florida, stratification by geographic area 
alone does not effectively divide the sampling population 
into groups which are homogeneous enough. In these regions 
schemes of stratification which make some use of informa-
tion available on such features as land-use and the number 
of farms per grid should be employed. 
4. The farmstead appears to be a suitable criterion to 
use in determining which farms at the grid are to be enu-
merated.. In the case where a farm does not have a farm-
stead it is advisable to provide a substitute criterion such as 
its northwest corner. 
5. Best methods of expanding sample data into estimates 
of totals for the state vary according to the items under 
consideration and the accuracy of the control data for that 
state. Suitable control data are available for Iowa but not 
for· California and Florida. In those states it is almost 
necessary that sample surveys be designed so that they are 
independent of controls if suitable estimates of totals are 
desired. 
Statistical Investigations of Farm 
Sample Surveys in Iowa, 
Florida and Californial 
By RAYMOND J. JESSEN' AND EARL E. HOUSEMAN' 
INTRODUCTION 
The object of this bulletin is to present results of statis-
tical analyses of data from recent sample surveys of agricul-
tural areas and to offer some comments on the sampling 
procedures followed. The surveys described herein were 
made in widely differing farming areas: In all of the 99 
counties of Iowa, in 26 of the 67 counties in Florida, and in 
9 of the 58 counties of California. Except for Iowa (3) 
these surveys were pioneering a sampling method in their 
respective areas· In order to observe the way in which this 
method behaved in different parts of the country we have 
brought the findings together under one cover. 
Although the surveys were designe~ primarily to secure 
facts on farm employment and other farm information, they 
provide valuable information on sample survey procedure 
and also the similar pro,blems of an agricultural sample-
lThis study was conducted by the Bureau of Agricultural Economics, U. S. Depart. 
ment of Agriculture, as a part of the Bankhead·Jones research project, and by the 
Iowa Agricultural Expel'iment Station, project 611, cooperating. The data for this 
investigation Were collected in Iowa by the Agricultural Marketing Service (now 
BAE) in cooperation with the Work Projects Administration, official projects 165· 
'2·72·285 and 265·2·72·85, and in Florida and California by the Bureau of Agricultural 
Economics. Some of the computing work on the Iowa survey Was furnished by the 
personnel of the Work Projects Administration, official project 765·97·3·16 (New 
York City). Farm surveys were also conducted by thc BAE in Texas, North Caro-
lina, Arizona and New Jersey, the results of which are being or have been examined 
by the BAE. 
Recognition is given to W. F. Cnllnnder, G. n. Simpson, R. F. Hale and E. M. 
Brooks, who had "encral supervision over the surveys; in Iowa to Emil J ebe, in 
Florida to G. D. Harrell, H. A. Mark., J. C. Townsend and J. M. Koeppel'; in 
California to A. J. King and G. A. Scott. The writers wish to acknowledge thc 
suggestions and criticisms of W. G. Cochran. George W. Snedecor, A. J. King, 
Joseph A. Beeker and others of the Bureau of Agricultural Economics. 
'Research' Associate and Collaborator, respectively, of the Statistical Section, Iowa 
Agricultural Experiment Station, and Agents of the Bureau of Agricultural Econ. 
omics. 
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census. The Iowa survey was first put into operation in 
March, 1940, and was continued monthly until March, 1942. 
The California and Florida surveys were started in the 
early part of 1942 and were also repeated monthly until 
July, 1942. 
In each of the surveys described in this bulletin the same 
general sampling procedure was followed. For convenience 
this procedure will be called the "grid"2a method. The term 
grid is used to describe small geographic units, such as the 
survey section, into which the agricultural population (in 
the statistical sense) is regarded as divided. The sample is 
drawn from this population of grids. At each sample grid 
only certain farms are considered appropriate for the sample 
and therefore for enumeration. In the simpler cases these 
farms, which may be called E-farms (enumeration farms). 
have been defined as those whose farmsteads are situated 
within the boundaries of the sample grid, although in some 
areas or in some cases it is desirable to use some other 
definition. Rules for the determination of E-farms should, 
if an unbiased sample is desired, satisfy the condition that 
each farm in the population under study is assured an equal 
opportunity of being chosen for the sample, regardless of 
its characteristics. 
As a result of this principle of determining which farms 
at a given sample grid are to be enumerated, it will be found 
that E-farms mayor may not be wholly contained within 
the boundaries of the grid, and that the area of the grid 
may contain parts of other farms. The boundaries of the. 
grid therefore are important only in determining which 
farmsteads have been caught by a given selection of grid 
and is not to be confused with procedures of sampling in 
which the area contained within the grid is the desired unit 
of measurement. The latter type of sampling has been used 
by King and Simpson (5) for sampling acreages, and is 
similar to the "quadrat" sampling of yields, plant cover,. 
etc., by agronomists and biologists (1). 
!!a Etymologically this is a misuse of the word '~grid!) The term however has some-
times been used in this sense by the BAE at least since 1936. See (7) and p. 334 
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If the sampling procedure is well designed and if the 
sample is large enough so the sampling error is reasonably 
low, the success of a sampling survey depends largely upon 
how well it is administered and upon the minimization of 
errors resulting from imperfections in the way questions 
are asked, misstatements by the farmers, niisunderstanding 
of instructions by the enumerator, lack of rigor in the defini-
tion of a farm, and other factors. The importance of these 
enumeration errors seems to be over- or underestimated by 
many investigators. Although the problem of keeping the 
enumeration errors at a low level is important, it is outside 
the scope of this bulletin which is concerned primarily with 
sampling design and methods of estimation. A separate 
report is contemplated by the Bureau of Agricultural Eco-
nomics which will deal specifically with farm labor aspects 
of these surveys. 
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PART I: IOWA 
By RAYMOND J. JESSEN 
DESCRIPTION OF THE SURVEY 
The basic sample for the Iowa survey was composed of 
988 mile-square standard survey sections chosen at random 
within each of the 99 counties in the state (see fig. 1). Thus 
10 sections were taken from a county of "average" (16-
township) size, the rate of sampling being maintained in 
those counties of other than average size, where "size" was 
measured by the total number of survey sections each county 
contained. Since there are about 56,160 sections in the state, 
the basic selection of 988 sections represents about 1.8 per-
cent sample. The sample was redrawn in October, 1941, of 
approximately the same size, but with certain improvements 
in design, which will be noted later. 
The farms designated for enumeration were those whose 
farmsteads were situated within the chosen sections. In 
order to provide a full day of work at each of these sampling 
areas, each enumerator was instructed to continue with the 
enumeration of farms located outside the chosen section in 
cases where the inside farms did not furnish sufficient work 
for the day.3 Data from the two kinds of farms, the "insides" 
and "outsides," were kept separated, however, since it was 
believed that the "outsides" would be larger than average 
farms. Subsequent evidence substantiated the wisdom of 
this precaution. 
Each month enumerators revisited the sample sections 
with a standard schedule for farm employment information. 
From time to time, other schedules were used which dealt 
with a variety of questions on crop acreages, livestock, farm 
business, sociological and other topics. These originated 
either with the Bureau of Agricultural Economics or with 
the Iowa Agricultural Experiment Station. 
A complete enumeration of all "inside" farms on the 
"Travel allowance was not permitted b~' WPA regulations. In order to minimize 
travel one member of an enumerator crew would furnish transportation for the 
several members of the CT{,W. It was necessary therefore to keep each enumerator 
busy until he was picked up by the driver of the crew at the end of the day. 
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.' 
Fig. 1. Map of Iowa showing sample areas selected for the April, 1940-
October, 1941 surveYs. 
sample sections was not practicable for each visit because 
(i) a complete crew of enumerators was difficult to main-
tain, and (ii) many operators were not at home at first call. 
Consequently on each enumeration an average of only about 
1200 of the total 3984 farms located within the chosen sec-
tions were enumerated. This amounts to an average of 
only 30 percent in completeness and could be a serious 
source of error. An examination of this question will be 
considered below (p. 271). 
THE SAMPLE DATA COMPARED WITH AVAILABLE 
CHECK DATA 
An accurate check with other data is not available for 
the early sample4 because incorporated and certain near-
incorporated areas were purposely excluded. The reason 
for this exclusion is not entirely clear. Later when a new 
sample was drawn these areas were not excluded. For the 
purposes at hand, however, an approximate comparison 
can be made for both samples. 
'Some limits on the effect of this exclusion can be estimated. however. It is esti-
mated that the 2375 or 4.2 percent of the 56,160 sections excluded probably contained 
only about 95~,OOO or 2.8 percent of the 34,638,000 acreS in farms. 
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The first sample (using "'inside" farms only) obtained 
an average of 4.01 -+- .05 farms per section which may be 
compared with 3.664 derived from adjusted assessor data. 
The difference 0.352 ± .05, or 9.6 percent, is statistically 
significant and therefore suggests that the sampling method 
leads to an overestimate of farm numbers. A possible ex-
planation for the enumerator's accounting for too many 
"inside" farms on the sample grids may be enumerator 
laxity. Each enumerator was instructed to indicate clearly 
the location of each enumerated fann's fannstead at or 
around each sampling unit. The enumerator (and in many 
cases, his supervisor!) generally regarded this as a second-
ary demand upon his time and therefore he may have tended 
to report more "inside" farms (because it was slightly 
easier to do so). The presence of the bias, however, for 
whatever its reason, suggests that in order to attain maxi-
mum precision with surveys of this sort, care must be taken 
on this point. Other surveys using the grid as a sampling 
unit indicate that this bias is avoidable if proper care is 
taken. The second sample'drawn in October, 1941, for the 
continuation of this survey did not show any bias. Like-
wise the 1938 and 1939 sample surveys of Iowa (3) (4) and 
the California survey reported elsewhere in this bulletin 
appeared to be free of this kind of bias. For the prevention 
of this bias it is suggested that (i) enumerators be given 
clear instructions on field procedure, (ii) if available, either 
copies of the AAA aerial photos or tracings of those photos 
or other information covering the sample area be given the 
enumerator so that the locations of farmsteads and section 
boundaries can be clearly determined, and (iii) field checks 
be made by supervisors to dear up troublesome areas or 
even to check for enumerator carelessness. 
In table 1 are presented data on average size of farm, 
obtained from several enumerations. The best estimate of 
the true average size is the 169.7 acres derived from asses-
sor data. It can be seen that the "insides" of the sample are 
smaller and the "outsides" are larger farms than the ex-
pected. An estimate of the standard errors of these figures 
is difficult to determine because of incompleteness in the 
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''i'.A_BLE 1.', AVER'\GE F'ARM'si7E BY MONTH FOR ":'NS'DE" AYD "OUTSIDE" 
• ,,:;';'10. Fm::T SAMFLE 
I ~u~t~ l\u~fbei \1 A~\~;ge A:;~:ge 
~.:Gnth I j Hue "OulE=ide" lIil1sidl.?" "outside" 
I Imr.s f,rUls I I'r:ns farms 
::-~~-------, --I~~r~-.. ~'--5-:: ---~:-I-{~~r;I'-(~~~-
Mav 1063 6:5 111, J 182 ~ 
.une ;r,s ef~ 1C3 9 ]7\ 3 
Jd·" 1l~8 i41 16,1.0! ,',d 
/.!'f!. , 1174 851 165.1 172.8 
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CPC., , 1251 IllS 162.0 1?;,~ 
194\...... .. .... J"'n",. IIS2 wsn 160,7 liS,8 
Feb .. " 1153 \021 F,o,4 181.5 
'·,,'h.,. 1240 It,S6 161.1 Ji6,5 I Api! .. " IOU9 9\4 ~',ya .. ", 8DI i5 
I, :~re,:::" 1391 12:2 ftl V'... 127'J. ]('I~9 
~ t 11(5 I 9iO 
Median"."., .. " ....... , .... '~.11.0:: ,"=I=~~I'== Accumulated total b, ....... , ............ ,..... 1647 ........ , .. . 
Assessor "rural'l farms"... . . . . . . . .. .. _ I . . . . . . .. ............ . .......... . 
lfi4.0 18'),3 
1 ~~, 8 172.9 
163,0 177 .S 
163 ; liS, I 
162,2 173.4 
----
163.6 176.6 
165,1 ............ 
169.7 ............ 
·Survey was temporarily abandoned. No enumeration. 
bGrcatcst number 01 farms for which acreage information was made available at some time during tbe 
17 -month period. 
eFarrns in the unincorporated areas of Iowa. 
See (4) • 
. enumerations, but data obtained from the sample drawn in 
October,_ 1941, are o'f help .. In table 2 are presented the 
average size of "insides" and "outsides" by crop-reporting 
district. Here the average difference for the state is 37.7 
acres or 23 percent as compared to the first sample's 13.0 
acres or 8 percent. Partly because the difference is consis-
tent in direction for all nine districts and partly for other 
reasons, it seems reasonable to conclude that the difference 
is a result of bias. 
This evidence justifies the' precautionary measure pre-
viously mentioned of segregating the two "kinds" of farms 
for tabulation. There are at least two possible reasons for 
this difference. (i) If the sample is limited to "inside" 
farms alone, then each farm in the state regardless of size, 
etc., has equal probability of being chosen because each sec-
. tion with which it is "associated" (and by rule each farm is 
"associated" with but one section) has an equal probability 
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TABLE 2. AVERAGE SIZE OF "INSIDE" AND "OUTSIDE" FARMS OF THE 
OCTOBER. 1941 SAMPLE. 
"Insides" 
Crop-reporting district 
1. ........................................... . 
2 ........................................... . 
3 .......................................... .. 
4 ........................................... . 
5 ............................................ . 
6 ........................................... . 
7 ........................................... . 
8 ........................................... . 
9 ........................................... . 
Number of 
farms 
335 
352 
290 
393 
396 
267 
~95 
339 
308 
State......................................... 2995 
A.sessor for all farms a.. .. .. .. .. . .. .. . .. . . .. . ... . .......... . 
See (4). 
Av~rage 
Slze 
(acres) 
183.6 
171.7 
166.6 
173.1 
148.0 
158.7 
180.5 
165.1 
154.0 
166.7 
164.0 
t'Qutsides" 
Number of Average 
farms size 
(acre.) 
170 215.1 
344 202.8 
246 179.0 
221 214.8 
214 186.8 
180 184.0 
133 244.0 
210 236.4 
191 195.1 
1909 204.4 
............ ............ 
aSince the second sample included incorporated as well as unincorporated areas of Iowa, this is the com-
parable check figure, rather than the 169.7 used in table I for the first sample. 
of being chosen. In areas where farms are large, their 
number per section will be relatively small. In this case the 
enumerator will quickly finish with the few "inside" farms 
and will have more time to enumerate "outside" farms, 
which for this area are large farms. Contrarily in areas 
where farms are small the enumerator is likely to visit only 
a few, if any, "outside" farms (which are, in this case, usual-
ly small). Hence "outside" farms are more likely to be 
picked up in areas of large farms and less likely to be picked 
up in areas of small farms, with the result that "outside" 
farms as a group will be larger than average. Similarly if 
a fixed number of farms are enumerated at a sample "spot," 
large farms will have a greater probability of enumeration. 
(ii) It is believed that since the freedom to "pick" farms is 
greater in the case of the "outside" farms, the enumerator 
is likely to pick the larger and perhaps more accessible 
farms, purposely omitting those that are smaller, less at-
tractive and less accessible. This kind of selection if carried 
out is likely to put an upward bias in the average farm size 
in the sample. 
Comparing the "insides" with the appropriate checks, we 
have from table 1, 165.1-169.7 or -4.6 acres (2.7 percent) 
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discrepancy and from table 2, 166.7-164.0 or +2.7 acres (1.6 
percent) discrepancy. Both these appear to be more rea-
sonably ascribable to sampling fluctuation than to bias. 
The conclusion therefore is that the "inside" farms of the 
survey provide a reasonably unbiased estimate of farm 
size, whereas the "outside" farms do not. The data from 
"outside" farms may be at least partly salvaged, however, 
by adjusting by means of regression of item on farm acres 
or-perhaps by weighting the total of "inside" and "outside" 
farms taken at each section by the number of "inside" farms 
at that section. If an item is correlated with farm size 
(measure in acres) the regression method appears to re-
move a substantial part of the bias but it is not clear how 
much it eliminates. It is feared that a residual will remain, 
although relative to sampling error it may be small. If it 
is at all practicable, it is suggested that "outside" farms be 
excluded from samplings of this sort. 
SAMPLING ERRORS 
In table 3 are presented estimated coefficients of varia-
tion and relative standard errors for a 200- and lOOO-section 
sample of "inside" farms if means per grid (section) are 
being estimated. The items presented are those for which 
TABLE 3. ESTIMATED STANDARD ERRORS OF A lOOO-SECTION AND 200. 
SECTION SAMPLE (ESTTMATION ON A PER GRID BASIS). 
Item 
1. N urn ber of farms ........................... . 
2. Land in fartns, acres ....................... .. 
3. Corn, acresb ••••••••••••.••••••••••.•.•••••• 
4. Oat~, acrcsb .••••••••••••••..•••••••••...••• 
5. Batley, acresb ............................ .. 
6. Soybea~, a('resb .•• ", •••.•••••••.•.••••••••.• 
7. Total persons,b number ..................... . 
8. Family workers,·e number .................. . 
9. Hired workplS, (! number .................... . 
10. Unemployed,' number ...................... . 
• Does not include operators. 
bAs of June, 1941. 
'As of July. 1940. 
Estimated 
coefficient 
of 
variation (per grid) 
(percent) 
42.0 
37.6 
38.8 
43.9 
113.2 
70.6 
48.6 
100.5 
110.0 
317.2 
Relativ. standard 
error of a sample of 
1000 sections 200 sections 
(10 per county) (2 per county) 
(percent) (percent) 
1.3 3.0 
1.2 2.7 
1.2 2.7 
1.4 3.1 
3.6 8.0 
2.2 5.0 
1.5 3.4 
3.2 7.1 
3.5 7.8 
10.0 22.4 
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.information was conveniently available and which appeared 
to be of some general interest. Limitations of· time and 
funds prevented an extension of this list. Sampling varia-
tion is somewhat different depending on whether means 
per farm or means per acre are being estimated (see p. 277). 
It can be seen that when sampled on a grid basis, Number of 
Farms, Farm Acres, Corn Acres, Oat Acres and Total Per-
sons on Farm~.can be sampled relatively accurately, where-
as Barley Acres, FamilY Workers, . Hired Workers and 
Number of Unemployed Persons are sampled with relative 
inaccuracy. As is usually the case', the variability of items 
appearing on nearly every farm is less than that of items 
appearing on only a small fraction of farms although some 
items are characteristically variable, as for example, 
Family Workers. 
STRATIFICATION 
The effect of geographic stratification on the efficiency 
of sampling is shown in table 4. Geographic stratification 
is quite effective in Iowa, especially with certain items such 
'as soybean acres, where an estimated gain of 52 percent 
can be obtained by county stratification over that of an un-
stratified random sample. Gains from stratification by the 
nine crop-reporting districts, however, are almost inconse-
. TABLE 4. ESTIMATED EFFICIENCY OF SECT.fON GRIDS STRATIFIED BY 
CROP-REPORTING DISTRICT AND COUNTIES. COMPARED WITH 
NO STRA'l'fFICATION. 
(Estimation on a per grid basis) 
Item 
1. Number offarms ........................... . 
2. Land in farms, acres .......••................ 
3, Corn, acres ................................ _ 
4. Oats, acres ............................. ,., .. 
5. Barley, acres .............................. . 
6. Soybeans. Scres ............................ . 
7. Total p"rsons, number ...................... . 
8. Filmily workers,s nuwl>er .................... . 
9. Hired workers, number ..............•....... 
10. Unemployed. Dumber ...................... .. 
-Operaters net included. 
bData not conveniently available. 
No. Crop-reporting 
stratification district 
(p"rccnt) 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
103 
102 
b 
b 
b 
103 
106 
106 
101 
'County 
111 
104 
126 
131 
128 
152 
110 
125 
118 
119 
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quential for those items presented. It is generally true that 
the smaller the geographic stratum the greater the resulting 
sampling effiCiency. By making the geographic strata 
small, the number of them is made large. Since the number 
of strata cannot exceed the number of sampling units in 
the sample, the size of the sample becomes a limiting factor 
in stratification. 
INTERNAL ANALYSIS 
The purpose of this section is to speculate on what 
could be expected if certain sampling procedures had been 
different from those followed in the survey. As an example, 
what would the sampling errors have been if a quarter or 
half-section grid had been used rather than the section? 
What would sampling efficiency have been if geographic 
stratification had not been used? Information on questions 
of this sort can be obtained from proper anaylses of the 
available data. 
EFFICIENCIES OF GRIDS OF DIFFERENT SIZES 
Owing to limited clerical facilities only a cursory exam-
ination of this question was permissible. A sample of 19 of 
the 99 counties was chosen for examination. Each section 
in the sample was divided into half-sections and these were 
further divided into quarter-section grids. The half-sections 
were the arbitrarily chosen east and west halves.4a Informa-
tion on the locations of the farmsteads of each farm in this 
sample was available and therefore each farm could be as-
signed to that quarter-section (and half-section) in which 
its farmstead was situated. Data of selected items were 
consequently made available on quarter-section and half-
section as well as o~ a full-section basis. By means of an-
alyses of variance appropriate estimates were made of the 
sampling errors to be expec'ted from the use of these grids 
as sampling units. Th~ three different sized grids are com-
.. This subdivision of the section into halves and quarters was an attempt to get 
approximately equa! areas in the subdivisions, that is, 320 and 160 acre. respectively, 
in accordance with the public land survey method. No attempt was made to sub-
divide the section into parts having approximately equal numbers of farms, howtver, 
a procedure somewhat crudely followed in selecting the halt-section grid in the Cali-
fornia survey. The latter method has much to be said for it, but for the present 
argument it should not be confused with the method being tested. 
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pared for estimated sampling variances in table 5, and for 
relative efficiencies in tables 6, 7 and 8. 
It can be seen that the smaller sampling units are more 
efficient for most of these items when no stratification is 
used, but are in most cases less efficient if the sample is 
stratified by counties. In either case the section is clearly 
the best size of grid when Acres in Farms is to be estimated. 
It must be remembered that these relative efficiencies are 
appropriate only when means per grid are being estimated. 
It may be advisable to consider alternative methods of 
expanding sample data into estimates of totals such as for 
the state. The three methods to be considered here are: 
a. ,Mean per grid to be multiplied by'total number of 
grids. 
b. Mean per farm to be multiplied by total number of 
farms; 
c. Mean per acre to be multiplied by total number of 
acres in farms. 
Discussion up to now has been concerned with the prob-
lems of estimating item means per g.rid. It may be desirable 
to determine item means per farm or per-acre, especially if 
the total number of farms or total acres in farms is known 
with suitable accuracy. The variances of these estimates 
can be approximated by a formula.5 
It is convenient to express variation in terms of the 
squares of the coefficients of variation and on a per single 
grid basis so that comparisons of efficiency can be made 
directly. In table 5 are presented some of th~se squared 
coefficients of variation associated with the three methods 
of estimation (that is, by per grid, per farm and per acre), 
given for each of the three different sizes of grids (quarter-
section, half-section and full-section). These have been com-
puted from the sample data. For purposes of comparison 
'If 2:" is the sum of item" in the sample, 
2:f is the number of fal'ms in the samp'e and 
2:a is the sum of farm acres in the sample; 
- ~x - '\"'x 
then the mean of the item per farm, "f= if and per acre, Xa= ia and the, 
respective co~fficient. of variation of these means pel' grid are given approximately by: 
.(Xf) = ~ c; + ri - 2cxcfrxf : .(ia) = ~.~ + .! - 2."c.rxa 
where c = coefficient of variation, and l' xf and r xa are the corre'ation coefficients 
of Item" with number of farms and farm acres respectively. 
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it is convenient to compute the ratios of these c2's as relative 
efficiencies. Thus the efficiency of the half-section relative 
to the full-section in sampling for Number of Farms on a: 
per grid basis is given by the inverse ratio of the respective 
c2 's, namely, .7295 -+- .6744 = 1.08 or 108 percent. Hence 
for this comparison the half-section is estimated to be 8 
percent more efficient than the full-section. 
Table 6 has been prepared to show the effect that size of 
grid has on the sampling efficiency of each of the methods 
of estimation under consideration. (Efficiency for the sec-
tion has been arbitrarily selected as the standard for com-
parison.) It can be seen that the efficiency of each size of 
grid depends to a large extent on method of estimation. The 
section, it appears, is most efficient for estimating means 
TABLE 5. ESTIMATED SAMPLING VARIATION,- (c~) OF THREE METHODS 
OF ESTl'MA TION AND THREE SIZES OF GRID. 
(Stratification by counties) 
Section Half-section Quarter .... ction 
Per rcr Per Per Per rer IJcr Per Per 
Item grid farm acre grid farm acre grid farm acre 
---------
--
------
N umber of farms ... .7295 ........ 1.2664 .6744 ........ .6601 .5885 . ....... .3109 
Farm 31',res •••••••• .4960 1.2664 ........ .5953 .6601 . ....... .6761 .3109 . ....... 
Corn acres ........ .6016 .6316 . 6934 .6901 .5609 .7149 .7027 .3112 .1774 
Oat acres .......•• .7742 .9295 1.0384 .7824 .8394 .9860 .8828 .6511 .3582 
Barley acr .......... 11.2371 4.0989 3.4941 8.6980 3.3669 3.0939 11.2323 10.8747 10.2769 
Soybean acres ..... 1.9961 2.6773 2.8065 2.1669 2.1958 2.4056 2.3836 2.4297 2.0212 
• AU on a Quarter-section basis. To put on a section basis. for example, divide by 4. 
TABLE 6. EFFICIENCIES OF HALF- AND QUARTER-SECTION GRIDS RELA-
TIVE TO SECTION GRIDS FOR EACH OF THE THREE 
METHODS OF ES'fl'MATION. 
(Stratification by counties) 
Per grid Per farm Per acre 
Half Quarter Half Quarter Half Quarter 
Item Section section section Section section section Section section section 
per:- per:- per:- --per:-~ -v.r:-~ ~ ·-Per-
cent cent cent cent cent cent cent cent cent 
Number oC Carms ... 100 \08 124 100 100 192 407 
Farm aeft'S .••...•• 100 83 73 100 192 407 100 
·· .. 97 .. Corn acres ......... 100 87 86 100 113 203 100 . "39i" 
Oat acres .......... 100 99 88 100 111 143 )00 \05 290 
Barley acres ....... 100 129 100 100 122 38 100 113 3~ 
Soybean acres ...... 100 92 84 100 122 110 )00 117 139 
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per grid, whereas the quarter-section size is probably best 
if means per farm or per acre are being estimated. For 
some items the probable gains with the smaller unit appear 
to be very important. (These estimates are based on a sub-
sample of the survey data and are therefore subject to a 
somewhat large sampling error.) 
Table 7 has been prepared to show the effect that the 
method of estimation has on the sampling efficiency for a 
given size of grid. It can be seen that the per grid method 
is generally best when the section is used and it is also good 
for the half-section, but it is definitely inferior to either 
the per farm or per acre method when the grid size is re-
duced to a quarter-section, in which case the per acre method 
is best. It is dangerous to generalize for items, however, 
,:I,nce much depends on the nature of the item. The absenct! 
u1 livestock and othe,r items in this example is a great short-
coming. 
In table 8 the data are presented in such a manner tnat; 
relative efficiency of both method of estimation and size of 
grid taken together is made comparable. The best combina-
tion for this set of items is an estimation on a per acre basis 
and the use of a quarter-section grid. There are differences 
among items, however. Barley Acres for instance would go 
better with a combination of a half-section grid and either 
a per farm or per acre method of estimation, while the sec-
tion on a per grid basis is as efficient as the quarter-section 
and per acre combination for Soybean Acres. 
TABLE 7. EFFICIENCIES OF PER FARM AND PER ACRE AVERAGES 
RELATIVE TO PER GRID AVERAGES FOR EACH OF 
THREE SIZES OF GRID. 
(Stratification by counties) 
Section Half-section Quarter-section 
Per Per Per IJer Per Per Per Pcr Pcr 
Item grid farm acre grid farm Acre grid farm acre 
JJcr- p;;;:-- per:- per:- ----pe.::- per:- p;;;:-- p;;;:-- --per:-
cent cent cent cenl cent cent cent cent cent 
N umber of farms, .. 100 ........ 58 100 . ....... 102 100 ........ 189 
Farm acrcs ........ 100 39 
""s7' . 100 90 ........ 100 217 Corn acres ......... 100 95 100 123 97 100 226 396 
Oat acres ........ " 100 S3 75 100 93 79 100 136 246 
Barley acres ... ' ... 100 274 322 100 258 281 100 103 109 
Soy bean acres . ..... 100 75 71 100 99 90 100 98 118 
279 
TABLE 8. RELATIVE EFFI'CIENCIES OF THREE METHODS OF ESTIMATION 
BY SIZE OF GRID USED IN SAMPLING. 
(Stratification by counties) 
Section Half-se.tion Quarter-section 
Per Per Per Per Per Per Pcr Per Per 
Item grid farm acre grid farm Acre grid farm acre 
------ p;;;::- ---per:- p;;;::- ---per:-~ per:- --pe;;:-- per:-p;;;-
cent cent cent cent cent cent cent cent cent 
Number of farms ... 100 58 108 
... '7S" 111 124 ... i60" 235 Farm acres ........ 100 39 
.... 87" 83 ........ 73 ... 339" Corn aCr£'S ......... 100 95 87 107 84 86 193 
Oat acres .......... 100 83 75 99 92 79 88 119 216 
Barley acres ....... 100 274 322 129 334 363 100 103 109 
Soy bean acres ...... 100 75 71 92 91 83 84 82. 99 
The results here show that there may be some useful 
findings in further inquiries of this sort. It must be remem~ 
bered, however, that this is not the whole picture for even 
the items examined. Before a decision can be made on the 
best size of grid, for instance, it is necessary to consider 
also the cost of collection and its relationship to size of grid. 
(See p. 280.) In addition, it is necessary to consider the 
way in which the data are wanted, that is, for example, 
whether or not the sample is to be expanded into totals such 
as for the state. In this case the choice of controls for ex· 
pansion (whether by grids, farms, or farm acres) would 
be influenced not only by statistical efficiency but also by 
the relative accuracies with which these controls are known. 
In Iowa, for instance, total farm acres is known with suitable 
accuracy for use as a control in many cases. Number of 
farms is known with somewhat less accuracy but it is still 
a useful control for some items. Total grids can be known 
without error. See (4). 
EFFECT OF STRATIFICATION ON EFFICIENCY OF GRID 
Efficiency of grid size is not independent of kind of strati~ 
fication used. Table 9 presents comparisons of the section, 
half~section and quarter-section grid with and without 
stratification by counties. It can be seen that the smaller 
grid is relatively more efficient when there is no county 
stratification, the larger grid being relatively more effi· 
cient when there is county stratification. 
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TABLE 9. EFFiCIENCIES OF GRlDS WITH AND WITHOUT S\l'RATIFICATION 
BY COUNTIES. 
(EstImation On a per grid basis) 
Relative efficiency of grid 
With no stratification With county stratification 
Item Half Quarter Half Quarter 
Section section section Section section section 
(Percent) (Percent) (Percent) ~ (Percent) (Percent) 
Number offarms ................. 100 116 127 100 113 121 
Farm acres ...................... 100 90 78 100 S8 75 
Corn aer ......................... 100 110 110 100 87 86 
Oat acre ......................... 100 124 128 100 99 88 
Barleyaer ....................... 100 159 165 100 129 100 
Soy bean aer ...................... 100 133 152 100 92 84 
Total persons .................... 100 114 106 100 112 103 
SIZE OF GRID,CONSIDERING COST 
The cost of enumerating farms located on grids of dif-
ferent sizes depends on many conditions such as cost of 
travel, length of visit, salary or wage of enuplerator, and 
density of sampling. If we make some general assumptions 
of conditions likely to be met we may at least form an idea 
of the approximate effects of size of grid on cost, which 
can be used to decide whether or not the statistical gains 
from certain sizes are worth their respective costs. 
Since accurate data on costs of enumerating different 
sizes are not available, any answer to this problem will 
necessarily be an estimate. An explicit functional relation-
ship between many of the more important cost variables 
has been previously suggested6 for sample surveys of a 
somewhat similar type. Accordingly, field costs can be ex-
pressed as 
- . ~ . w -
C = (tm+qw+s)xy + d(m +sh/Y [1] 
where: x = average number of farms per sampling grid. 
y = number of grids in the survey. 
·See (4). 
q = time (in hours) spent on a farm. (This covers 
total time elapsing during the farm visit, 
that is, time required to locate farmer on 
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his farm and to ask questionnaire.) 
w = salary and living expenses (in dollars per hour 
while working). 
t = average distance between farms within the 
sampling unit (miles). 
"m = cost per mile of travel (in dollars). 
s = average speed of travel (in miles per hour). 
d = a constant where dyy gives the length of route 
to be traveled. 
Using the values t =1, d = 232, s = 30, w = 1 and x = 3.66 
(for a section, .91 for a quarter-section, etc.) as suitable 
estimates for the purpose here, there remains the question 
of deciding on values for m and q (mileage rate and length 
of interview, respectively). For this it may be convenient 
to assume the following three cases: 
Case A: mileage at 5¢ per mile (m = .05), 
and a I5-minute interview (q = .25). 
Case B: mileage at 5¢ per mile (m = .05), 
and a 60-minute interview (q = 
1.00) . 
Case C: mileage at 3¢ per mile (m = .03), 
and a I5-minute interview (q = .25). 
With these assumptions it is possible to estimate the rela-
tive costs of different sized grids for a given size of sample 
in the state of Iowa. For a sample of 1000 sections, or its 
equivalent in grids of other sizes (hence the number of 
farms enumerated will be constant), the" costs of several 
different grids relative to those for a section are given in 
table 10. These data are also shown diagrammatically in 
fig. 2. 
There appears to be a rapid rise in cost as the size of 
grid is reduced from a half to a quarter-section, and con-
versely, only a small decrease in cost as the size of grid is 
increased beyond a section. The effect of length of inter-
view seems to be relatively more important as regards cost 
of the different sizes of grids than mileage costs, that is, 
the longer the interview the less the increase in cost of the 
quarter-section and the less the decrease in cost of the larger 
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TABLE 10. RELATIVE COSTS- OF ENUMERATING GRIDS OF 
DIFFERENT SIZES. 
Grid 
(Cost of section taken as 100) 
Case A 
(St per mile 
lS·min. interview) 
easen (r:t Pl"r mile 
6Q.min. interview) 
Case C 
(3 tllOr mile 
15-min. interview} 
Quarter-seetion ........ : ............ . 
(Percent) 
133 
114 
100 
90 
83 
'(Percent) 
113 
106 
100 
96 
(Percent) 
129 
112 
100 
92 
86 
Halr-section ..................... ' .. 
SectioD ........................... . 
Two--section block ................ .. 
Four..ectioD block ................. . 93 
aCosts refer to field costs only. All grids 'are assumed to be visited. If "zero" 
grids (grid. having no farms situated on them) are known beforehand or if visita-
tions are to be made repeatedly so the "zero" grid. are known after first visit, they 
need not be visited or re.-isited. Since these zero grids will more likely appear among 
the smaller rather than larger grids. the effect on cost of not Visiting them would 
mean a larger decrease in the r~lative cost of the smaller units and only a .mall 
decrease for the larger grids. In the caSe of a section the decrease will be practically 
nil. 
grids. The effect of "density" of sampling on cost is such 
that an increase in "density" favors the smaller grid (be-
cause grids are relatively closer together and therefore 
require relatively less travel per unit). 
~ 
~ 
0 
'J 
~ 
01-
0 
1i 
Ol 
With this information we can speculate on the efficiencies 
\40 
,~o 
\00 
eo 
eO 
0 
- Caee A ('3<t- per mile 
1'::> MIn. \n"\"erview) 
--- Case 'B (0<1: per m\le 
GO Min. InTerview) 
_._- Case c: ("04 per 1TIile 
I':> Min.ln'\'E!rvie'\N) 
5jze of- Grid 
Fig. 2. Re~!'.tive cost. of enumerating grids of different sizes. 
(Section grid taken as 100.) 
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of different grid sizes in view of the costs involved. With 
reference to table 6 it appears that if estimation on a per 
grid basis is followed, the section is clearly better on the 
average than either the quarter or half-section; in fact the 
consideration of costs improves its position. For estima-
tion on a per farm or per acre basis, the quarter-section 
appears to be best on the average even after allowance for 
its higher cost. It is admitted that information on the be-
havior of a large number of important items is lacking, 
therefore the limitations of these conclusions must be re-
membered. 
SUMMARY AND CONCLUSIONS 
1. A brief description of the Iowa sample survey has been 
presented 'Yith emphasis placed particularly on certain 
technical aspects of the sampling scheme. The section 
was chosen as the basic sampling unit, and sections were 
chosen at random within the counties. 
2. The practice of enumerating farms whose farmsteads 
were situated outside the chosen section as well as those 
situated inside has been examined and found to intro-
duce a bias. Whereas the "inside" farms are reasonably 
representative, the "outside" farms are definitely too 
large (from 8 to 23 percent). Methods of salvaging 
these biased data have been mentioned but their suit-
ability is not known with confidence. It is recommended, 
however, that such biases be avoided unless suitable 
methods for removing them can be devised. 
3. Stratification by counties appears to give substantial 
increases in efficiency over that of crop-reporting dis-
trict or over no stratification at all. 
4. The data permitted an examination of the efficiencies 
of different sizes of grid s_uch as the half-section and 
quarter-section as well as the section. The estimated 
effect of stratification, method of estimation and the 
nature of the item being measured on efficiency of a 
given size of grid were presented. Ignoring cost, the 
section appeared to be a· suitable size of grid where 
stratification by county and estimation by grids are con-
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templated, although no information is available on the 
efficiency of larger sized grids for estimation on a grid 
basis. However if information on "controls" is avail-
able, then a grid smaller than the· section appears to be 
preferable. 
5. When costs were considered the conclusions of 4 were 
upheld. 
PART II: FLORIDA 
By EARL E. HOUSEMAN 
The extension of the grid method of sampling used in 
Iowa to the diverse and specialized agriculture found in 
Florida and California naturally presented some new prob-
lems. From a sampling standpoint, two of the more com-
plicating factors were the large number of multitract farms 
and farms with absentee operators. In the Florida sample 
35 percent7 of the farms consisted of two or more non-
contiguous tracts of land that were in some instances sev-
eral miles apart. Also, 43 percent of the farm operators in 
the sample indicated they did not reside on their farms. 
Many of these farms did not have farmsteads; hence, the 
location of farmsteads was no longer a sufficient criterion 
for determining whether or not a farm should be in the 
sample. 
As in Iowa, the sampling unit was a grid whose boundaries 
coincided with those of the standard survey section. When 
planning the survey it appeared impractical to try a smaller 
grid since half-section or quarter-section boundaries would 
be more difficult to identify in the field, thus increasing the 
likelihood of enumeration errors. In short, increased cost 
and prac.tical difficulties of using a half-section instead of 
a section were believed to more than offset the gain in 
statistical efficiency. After studying the data this opinion 
is still held, especially with an elaborate process of stratifi-
cation as described in the appendix and when the grid 
method of expansion is used. 
7Thirty-five percent is probahly an overestimate of the percentage of multitract 
farms in the population sampled. 
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Farm labor s,urveys were conducted during four different 
months, the coverage differing from month to month be-
cause of difficulties in hiring and retaining enumerators. 
Twenty-six of the most important agricultural counties 
(fig. 3) were covered in one or more, surveys, but all four 
surveys were completed in only eight counties. Prior to the 
labor surveys, farms associated with, the sample sections 
were visited to obtain information on various item!;. Some 
farms which were visited at that time were ruled out as not 
belonging. to . the sample. This over-enumeration was to 
permit freedom of choice among alternative ways of as-
sociating the farms or tracts with the sections, but .fo.r a 
number of reasons the sampling unit actually used was not 
rigorously defined. The instructions to the enumerators on . 
handling complex farms, especially the multitract farms, 
were rather indefinite since it was not known just what 
could be accomplished in the field. As a result the enumera-
tors frequently adopted the expedient, especially in the 
~ Cou.ni'illl!lo lncluaad in m-aClh:fei~ 
~ Other" eou.nthado eClmpl.ad 
FLDFlIDA.1933 
Fig. 3. Map of Florida showing counties covered by the sample surveys: 
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citrus counties, of reporting for farms not always according 
to the census definition, but sometimes for the individual 
tracts or farms within or overlapping the boundaries of 
the sample sections. The farms retained in the sample were 
those whose farmsteads fell within the section, and of. the 
farms or tracts without farmsteads the ones entirely within 
the section or that had more than 50 percent of their land 
area within the section were included. The rule used on the 
farms without farmsteads, however, is regarded as defec-
tive, because 50 percent or more of the land area of some 
farms or tracts might not fall in any section. It would have 
been preferable to choose such farms on the basis of whether 
or not their northwest corners (see Part III p. 300) fell 
within the sample sections, but the information received· 
in answer to a question on the location of the different 
tracts of a farm was not such that the northwest corner rule 
could be generally applied. In a few counties, however, the 
northwest corner rule was used. 
Number of farms and farmland (or cropland) were not 
accurately known and hence were not too satisfactory for 
use as controls in expanding the sample. Some calculations 
comparing the efficiencies of different methods of expansion 
were made, but the data seemed inadequate for this purpose, 
and the results are not presented here. In the discussion to 
follow it should be remembered that the grid method of ex-
pansion is assumed, since the efficiencies of alternative 
sampling designs may vary with the method of expansion. 
STRATIFICATION 
The counties were stratified by township or by blocks of 
four townships with two sections or three sections, respec-
tively, being drawn from each stratum. In table 11 estimates 
of efficiency of stratification by township or blocks of four 
townships relative to stratification by county are presented. 
As might be expected, geographic stratification in general 
seems to be giving a moderate gain in accuracy. Thus geo-
graphic stratification is advisable because it has little effect 
on the field work and actually facilitates the work of draw-
ing the sample. 
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TABLE 11 .. EFFICIENCY OF TOWNSHl"P OR FOUR.TOWNSHIP STRATIFl-
CAT·ION RELATIVE TO COUNTY STRATIFICATION-. 
(Estimation on per grid basis) 
Relati"e efficiency 
Item Citrus counfies Citrus count!es Mixed farming Truck farming 
twp. str.t. 4·twp. slrat. counties I·twp. strat. 
4-twp. strat. 
(Percent) (Percent) (Percent) (Percent) 
Number offarms ............... 148 123 101 115 
Farm acres .......... .......... 188 98 315 123 
Milk cows, head ............... 109 86 77 132 
Other cattle, head ............. 117 106 106 88 
Brood sows, head .............. 221 120 95 81 
Olher hogs, head ............... 220 132 94 79 
Poultry (nil kinds), head ........ 130 106 114 82 
Horses and mules, head ......... 135 101 113 93 
Family and hired workers, 
number ..................... 92 108 832 114 
Cash wages, dollars per week .... 91 98 91 98 
Tractors ...................... 106 103 96 119 
Cropland ..................... 113 146 407 115 
Oranges and tangerines, arres . .. 211 120 92 
Grapefruit, acres ..........•.... 136 218 108 
Peanutst 8t'res ... .............. 141 
Corn and peanuts, acres . ....... 189 
.. "84" Peppers, acrrs ................. 
Tomatoes, acres . .............. 107 
Beans, acres . ........... , ...... 242 
Number of sections sampled ..... 103 122 84 163 
Number of section. occupied .... 40 51 51 53 
• Omissions oceur in the table where the item wa. not of frequent enough occurrence for analysis. 
Because many sections did not have farms on them, as 
indicated at the bottom of table 11, it is of interest to ex-
amine the gain in statistical efficiency if all of the unoc-
cupied sections could be eliminated from the population 
before the sample' is drawn. Actually, it is impossible to 
determine accurately all of the unoccupied sections before 
sampling, and the "uncertain" ones should be classed as 
occupied (or perhaps treated as a separate class) to prevent 
a possible bias as a result of excluding some occupied sections 
from 'the population to be sampled. Since the occupancy of 
the sections in the sample was known, the results later pre-
sented in table 12 overestimate the gain in accuracy that 
could be obtained in practice. 
As for the gain in statistical efficiency, let us consider 
sampling for a single item which is found only on a propor-
tion p of the sampling units in the population. Sampling 
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units on which the item is not fbuml will be called "zeros."'> 
We then wish to compare the efficiencies of two samples: 
(i) A sample of n drawn from a population containing pN 
. non-zeros and qN zeros, where q = 1 - p, and (ii) a sample 
of p'n drawn after q'N of the zeros have been eliminated 
but not all of them. The sum of p' and q' is 1, and p' is 
greater than or equal to p. In the second case the popula-
tion consists of p'N sampling units, the same pN non-zeros 
plus (p'-p)N zeros. The rate of sampling is the same in 
both cases, and no stratification is assumed. 
In fig. 4 the relative efficiency, R, of sample (ii) to sample 
(i) as given by the equation 
(1- q') C~ R = ~~~~~~--(1 - q') Ca - q' [2] 
is plotted against q', the proportion of zero sampling units 
in the original population that are eliminated. A further 
relationship involved in plotting the curves is 
(C2 + 1) = p (Ca + 1) [3] 
aN ote that an occupied section can be a zero. 
I 
CO= 2G'V c  75% 
p~ ~8 
! C.=200;4 J V 
\25 
C.=1<!7o/d 'V C::.l0C% P=~0 ~.~% C:: 7SY C=I O 'Y. /' pC;;l;O.8 Z~ ./ V ~o=~9'=>% C=-\SO"'/o) ---~ ~ p=o.4 ~ _ C=~ 
- -
p=O.~ 
100 
00 01 0.2 0..0> 04 0.5 O.G 0..7 0.05 0.9 1.0 
q'-propor'tion of zerO 50rnpling unH~ e.tirnif)clTed . 
Fig. 4. Relative efficiency of sampling with various proportions of zeros excluded 
from population to sampling with no zeros excluded. 
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where Co isthe true coefficient of variation when all of the 
zeros are included, C is the true coefficient of variation for 
the non-zeros only', and p is the proportion of non-zeros. The 
effect of increasing the value of Co, regardless of the values 
of p and C, is to shift the curve to the right. That is, the 
items which have the greate!,\t relative standard error will 
be helped the least by the elimination of the unoccupied 
grids from the population to be sampled, which is unfor-
tunate. For fixed values of Co the effect of a change in C, 
which by virtue of equation [3] requires a change in p, is 
to change the end point of the curve but not its shape. 
Estimates of the efficiency of excluding the unoccupied 
sections are presented in table 12 .. County stratification 
was assumed so the curves in fig. 4 were not applicable; 
however, a marked tendency for the efficiency to be the 
greatest where the coefficients of variation are the smallest 
can be noted. 
The relative costs of the two alternatives is a matter of 
whether or not the saving in field costs in the second case 
would more than offset the cost of classifying all sections in 
TABLE 12. EFFICIENCY OF EXCLUDING UNOCCUPlED SECTIONS FROM 
POPULATION BEFORE DRAWING THE SAMPLE AND COEFFICIENTS 
OF V ARJATl"ON OF THE OCCUPIED SECTIONS ASSUMING 
COUNTY STRATIFICATION. 
(Estimation on a per grid basis) 
Item 
Number of farms .......................................................... . 
Farm aeres.~ ....................................................... _ ............ . 
Milk cows, head ........................................................... . 
Other Cattle, head ..... _ ................................................ . 
Brood sows, head ..................... ; ................................... . 
Other hogs, head .......................................................... .. 
Poultry (all kinds), number ..................................... . 
Horses and mules, h.ad ............................................ .. 
Family and hired workers, number ......................... . 
Cash wages, dollars per week. ............................... . 
Tractor ........................ _ ................................................... . 
CropJand ............................................................................ . 
Oranges and tangerines. acrcs ................................. . 
Grapefruit, acres ............. ~ ............................................ .. 
Peanuts, aeres ................................................................ . 
Corn and p.anuts, acres ............................................ .. 
Peppers, acrcs ........................................................... __ .... . 
Tomatoes, acres .............................................................. . 
Beans. acrcs ............ u •••••••• n ........................................... . 
Relative 
efficiency 
(Percent) 
167 
158 
106 
110 
117 
112 
103 
115 
118 
112 
133 
130 
124 
108 
115 
104 
108 
113 
115 
Coefficient of 
variation of 
occupied sections 
(Percent) 
86 
104 
265 
246 
237 
263 
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163 
168 
198 
126 
141 
129 
269 
238 
240 
228 
225 
267 
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the population. In Florida, it appears that the cost of the 
first sample, which has the lowest statistical efficiency, is 
as much or more than the second. Thus, the exclusion of the 
unoccupied sections from the population before drawing the 
sample (i. e. case (ii» is worthwhile but discretion must 
be used in classifying the sections. 
A third alternative is to draw the sample as in case (i) 
and determine, in order to reduce field costs, which of the 
sections drawn can be regarded as unoccupied and need not 
be visited. On an average the field costs for the third al~ 
ternative and the second should be the same, so the gains 
in statistical efficiency presented in table 12 should be 
balanced against the cost of classifying all of the sections 
in the population instead of only those in the sample. The 
total cost of the sample should not be increased more than 
roughly 2 or 3 percent, in which case exclusion of all un~ 
occupied sections from the population is still profitable. 
The idea of preclassifying the grids as occupied or un~ 
occupied can be regarded as a special case of stratifying 
by the estimated number of farms on each grid as discussed 
under Part III, p. 318. Since the sampling error is large 
the grids should all be classified into groups as homogeneous 
as possible, with respect to the items being sampled, without 
incurring an unreasonable amount of work. 
USE OF A HALF-SECTION VERSUS A SECTION 
In drawing a random sample of half~sections, first a 
section, then one of its halves, is selected. One has freedom 
of choice in dividing a section north-south, or east-west, if 
after the division is made one of the halves is selected at 
random. From a sampling standpoint it is desirable to 
divide the section into halves wJ:lich are as nearly alike as 
possible. 
To estimate the sampling error for the half-section grid 
it is necessary to have an estimate of the variance between 
halves within sections. From sketches by the emimerator:s 
of sample sections showing the location of farmsteads and 
farm boundaries, the sections were divided north~south or 
east~west, whichever made the number of farms in each half 
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most nearly equal. This means of dividing the sections is 
probably more effective than attempting a similar division 
from aerial photographs or county maps, which would be 
necessary in actually selecting a sample of half-sections. 
Hence, the efficiency of the half-section may be overes-
timated. As seen from table 13, the gain in statistical effi-
ciency by using the half-section averages about 20 percent, 
assuming county stratification and, that the unoccupied 
sections are removed from the population before sampling. 
If the unoccupied sections are not removed the increase in 
efficiency is about 25 percent. 
It is known that as the efficiency of stratification in-
creases, which may be a result of increasing the number of 
strata (within limits) or using a more effective criterion, 
the efficiency of the smaller grid decreases.9 Thus, if the 
stratification is extended to include land-use and estimated 
number of farms per grid (see p. 319), the gain in effi-
ciency of the half-section is expected to be less than 20 per-
cent. 
As for the administrative side of the problem, the .'identi-
fication of the half-section boundaries is more troublesome. 
The local people are often unacquainted with the section 
'boundaries and still less familiar with half-section boun-
-daries. It is difficult to judge how much the cost of the 
TABLE 13. RELATIVE EFFICIENCIES OF HALF-SECTION TO SECTION AS 
SAMPLING UNITS FOR THE OCCUP,I'ED SECTIONS ASSUMING -
COUNTY STRATIFICATION. 
(Estimation on a }><'r grid basis) 
Item 
Farm Beres _ .... _ ......•......................................................... 
Milk COWl!, head ........................... _ .............. __ ............... _. _ .. . 
Brood sows, head ............... 00' ••••• _ •• 00 ................ _ •••••• _ ........... . 
OtherhoJ!S, head .. _ .... _; ....... 00 _ ...... _ .......... 00_ .. ' ................. _ ... . 
Poultry (all kinds), number 00 .................................................... . 
Horses and mules, head __ ..... _ ................................................. .. 
Family and hired workers, number ........................ __ ...................... . 
. gE~fE~:~~:::;:~:::::::::::::::::::::::::::::::::::::::::: :::::::::::: 
Grspefruit. aer ............. _ ......................... _ ....... _ ............ _ ..... . 
Rrlativo 
eflic.iency 
Percent 
liS 
1I~ 
119 
134 
no 
126 
121 
120 
130 
130 
127 
'g'!e table 9, part r. In California, neither county nor township stratification was 
very effective so the efficiencies presented in table 19 are about equal. 
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sample would be increased by shifting from a section to a 
half-sectiqn because of the geographic distribution of the 
farms and the manner in which the roads are laid out. The 
increase in cost, however, appears to be greater in Florida 
than in Iowa (see p. 282). Moreover, since the likelihood of 
enumeration bias is greater with the half-section, it is be-
lieved advisable to retain the section as a sampling unit, 
especially jf the per grid expansion is to be used. 
A NOTE ON THE COLLECTION OF FARM LABOR 
INFORMATION' 
In the sampling for farm labor information the definition 
of the unit of observation on a farm basis was not satisfac-
tory in the highly commercialized farming areas of Florida, 
but was all right where more general farming existed. Much 
of the labor on these specialized farms is furnished by 
service. organizations and packing houses. In the citrus 
areas especially, it was practically impossible for the enum-
erators to get, on a per farm basis, data on the labor being 
used. Many of the grove operators (or owners) knew 
nothing about the labor employed in picking or maintaining 
their groves. Frequently the organizations supplying the 
labor were unable or unwilling to give sufficient informa-
tion on the individual farms falling in the sample, but could 
more readily give information for the whole of their opera-
tions. As a matter of fact the information obtained on labor 
in the citrus counties was so deficient that a special citrus 
farm labor schedule was later prepared for sending to or-
ganizations supplying labor. As yet this schedule has not· 
JJeen given a trial. 
It appears then that a distinction should be made between 
~i) laborers employed directly by the individual farmers 
:and (ii) those employed by contractors who contract farm 
work. Only laborers in the first group would be .included 
in the sample of the kind used herein, and information on 
the second group could be secured from labor contractors 
by means of a special survey. This second or complementary 
survey might be handled by building up a list of contractors 
and their addresses, and either visiting a sample of them 
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or sending a questionnaire through the mail. The two 
samples would be expanded separately by whatever methods 
seemed the best. 
It is impossible to discuss in detail how these two surveys 
might work simultaneously without stating the information 
to be collected and various local conditions. Much coordina-
tion between the two surveys may be required. For example, 
it might be necessary to rely on the first survey for controls 
in expanding the second unless the enumeration of the con-
tractors is complete. A knowledge of the proportion of con-
tractors sampled would provide a basis for expansion, but 
does not appear sufficiently accurate because of the large 
differences among contractors. If the per farm expansion 
is used for the second sample, the procedure would "be to 
obtain from each contractor sampled the information de-
sired about labor for the same period of time covered by the 
first survey plus the number of farms on which they worked 
during that time. From· this, estimates of the averages per 
farm could be calculated for farms on which work was done 
by contractors and these averages expanded by an estimate, 
made from the first sample, of the number of farms using 
contract labor. A better control might be crop acres, or 
perhaps a breakdown by crop or type of work is advisable. 
The important thing is to plan the two surveys simultaneous-
ly so they can be properly fitted together. 
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PART III: CALIFORNIA 
By RAYMOND J. JESSEN 
DESCRIPTION OF THE SURVEY 
In its main features the California survey was similar to 
the surveys of Iowa and Florida reported elsewhere in this 
bulletin. Departures from those surveys were essentially 
adaptations of the basic design in an attempt to meet more 
satisfactorily the requirements of local situations. As in 
the other states, the sampling unit was the grid which was 
selected at random within geographic strata. The grid was 
a half-section (one-half mile by one mile), the stratum was 
the standard survey township of 36 sections. The rate of 
sampling was 4 half-sections out of each survey township 
(72 half-sections) or about 5.6 percent. The counties cover-
ed were: Sacramento, San Joaquin, Sutter, Yolo, Solano, 
Yuba, Placer, Stanislaus and Merced-a total of nine (see 
fig. 5). The survey was taken during the period10 March 15 
to June 15, 1942. 
CHOICE OF SAMPLING UNIT 
The sampling unit used was the half-section grid. The 
farms enumerated were those whose "northwest" corners 
(see p. 300) were located within the selected grids. This 
particular size of grid was chosen because it was believed 
that it would be a good compromise between statistical ef-
ficiency and field costs for which rough estimates were 
available from previous experience (4) with this method 
of sampling in Iowa. Since these estimates were of necessity 
rather crude, it was of some interest to check up on the 
suitability of this choice by subsequent analysis of the data. 
These results are presented and discussed on pages 313-316. 
The choice of a grid is particularly useful as a sampling unit 
where suitably accurate information on number of farms, 
acres in farms, or some such "control" is not available, since 
lOEnumerations were to have been repeated each month for a continuous source of 
Jabor data Rnd other farm facts. but since Congress did not grant a continuance of 
fund. the project was abandoned June 15. It was hoped that eventually every county 
in the state could be included. 
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Fig. 5. Map of California showing area covered by the sample survey.· 
sample data can be expanded into estimates for the popula-
tion simply by multiplying by the reciprocal of the fraction 
of grids sampled.H It is also possible to use control data 
l1l't will be necessary to make adjustments of some sort if the sampling units are 
not completely enumerated. 
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for making estimates and this is certainly recommended if, 
more accurate estimates are obtained thereby. It was felt 
that genera}12 control data in California. were not known 
accurately enough for these purposes' and therefore it was 
decided that a sampli~g method which was not 'necessarily 
dependent on their use would be preferred even' if 'it might 
appear to be somewhat more costly per farm enumerated.13 
METHOD OF SELECTING SAMPLING UNITS 
Although the sampling unit has been called a half-section 
grid, it was not rigidly a half square mile in size; nor was 
its shape always a rectangle one mile long and one-half mile 
wide. The size and shape of each grid selected for the 
sample depended upon individual circumstances. Four 
numbers between 1 and 36 were drawn for each standard 
size township of 36 survey sections. These numbers desig-
nated the survey sections from which half-sections were to 
be drawn. The selected sections were marked on county 
road maps which included survey markings.H Each of these 
selected grids was then divided into two parts by a line, 
according to the following rules: 
a. Divide into east and west halves if: 
1. Roads surround the section. 
2. Roads are only on east and west sides of section. 
3. A road runs north and south through the section 
(roads mayor may not be on sides). 
4. No roads are shown at all. 
5. There is a road on either the north or south side and 
no other roads. 
6. For other reasons an east-west division appears to be 
best suited. 
b. Divide into north and south halves if : 
1. Roads are only on north and south sides of section. 
2. A road runs east and west through the section. 
'"Such controls as Number of Farms, Land in Crops or Land in Farms. Acreages 
in Tree Fruits and Nuts are quite accurately known in California 'and would prob-
ably be an excellent control for certain specific uses. 
"'Cost per farm may be a very misleading basis for comparing costs of alternative 
sampling sch~mes. Cost per unit of "information" Is much mOre useful. 
"If survey markings were absell,t, such as in those areas covered by old Spanish 
land grant. and in area. of irregularities in the standard survey, markings were drawn 
in to simulate a survey. 
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3. There is a road on either the west or east side and no 
other roads. 
4. For other reasons ,a north-south division appears to be 
best suited. 
c. Divide otherwise (that is into shapes other than equal 
rectangles, for example triangles, or other shapes of 
equal or unequal sizes) if: 
1. ,A diagonal road or river, etc. roughly' bisects the sec-
tion. 
2. Some other division for other reasons appears to be 
best suited. 
The criteria for suitability were primarily those concerned 
with making the two parts approximately equal in the 
number of farms indicated by ma:rs (showing "culture"), 
and with making the shape of the' grid such that farms 
woulcf be most easily located and visited by the enumerator. 
Hence the purpose of this· procedure is threefold:·. (i) to 
reduce sampling variance,15 (ii) to reduce errors inenu-
meration1G and (iii) to reduce field costs,17 
Since some of these rules were developed' during the 
selection of the grids and since some 1,1seful maps were not 
available at the tiine, the selection of grids for the California 
survey did not follow the above procedure exactly. The 
best uses of the procedure have therefore not been put to 
test. ' 
After the selected section was divided, the particular 
balf-section which was to' be selected for the sample was 
obtained by the drawing of another random number. Thus 
an odd number ma·y designate the east or north half, an even 
number the west or south half. 'The half selected in this 
manner was then clearly outlined on the map. This proce-
dure permits using a great deal of available information 
about the section, yet if properly followed the sampling 
units so drawn are free from bias: If extreme care is not 
taken; serious biases may be expected. 
In the few cases where townships did not contain 36 sec-
'"Ey sp:itting the farms more or less equally between the two halves, the chanced 
are that tl:.e sampling units are made more alike in rezard to the other Items oi' 
U:c inquiI y related to number of farms. 
ISIf the boundarie. of the grid are easily determined then the enumerator is les8 
likely to err in obtaining the proper number of farms for the sample grid. 
17Unwise divisions may rt:sult in a grid having some farms fal" removed from 
"thers-resu:ting in what may be unnecessary travel for the enumerator. 
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tions (because of lakes, bays, etc.) the number of grids 
drawn for the sample was made as proportional as possible 
to the total number contained. County lines were ignored 
during the selection, thus minimizing the number of off-
size townships. 
A record was made of the total number of grids, number 
of grids drawn for the sample, and the section and position 
designated for each sample grid for each township in the 
survey. Information was therefore immediately available 
for expanding the sample data into estimates of totals as 
soon as it was obtained. 
METHOD OF SELECTl'NG FARMS 
The randomly selected grid was the means used to locate 
the farms to be enumerated. In order to obtain an unbiased 
selection of farms at each of the chosen grids, it is necessary 
to specify some character common to all farms which can 
be used as a criterion for determining whether a specified 
farm is to be enumerated as a result of the selection of a 
grid A, for instance, or some other grid. That is, each farm 
should have designated some character which can be as-
sociated with a single grid, no more and no less. Conse-
quently if each grid has the same probability of being chosen 
for the sample, it follows that each farm will also have the 
same probability of being chosen. 
In the Iowa sample survey described elsewhere in this 
bulletin the character chosen for this purpose was the farm-
stead, or mor,e precisely, the farm dwelling. The criterion 
for determining which farms were to be regarded as as-
sociated with which grid was the location of that farmstead. 
Those farms whose farmsteads were situated within the. 
boundaries of grid A were designated for enumeration if 
grid A should be chosen in the sample. The location of the 
land in those farms was of no importance in this connection. 
Other characters and other criteria may be used for ob-· 
taining an unbiased selection of farms. In the California 
survey the character chosen was that point of the farnl 
which is the most westerly of the northernmost point or 
points of its boundaries (hereafter referred to as the. 
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"northwest corner") and the criterion of association was 
that those farms whose "northwest corners" lay in the 
selected grid were designated for enumeration.ls There 
were two reasons given for this choice. First, it was be-
lieved in the beginning that many California farms did not 
have easily designated farmsteads. The farmstead charac-
ter, if used, would therefore have to be supplemented with 
another character in those cases where farmsteads did not 
exist or were not determinable. It seemed that a single 
character applicable to all cases would be more feasible to 
administrate. Second, the "northwest corners" of farms 
seemed to be more easily determinable than farmsteads 
when tracings of farms from AAA photos were made. After 
the survey was under way, however, it became evident that 
the advantages of the "northwest corner': had probably been 
overestimated. When this question is reconsidered in view 
of the experiences of the survey, the farmstead is recom-
mended over the "northwest corner." The arguments for 
this decision are: 
1. Less field cost. With the "northwest corner" method, 
farmsteads to be visited for a given grid may be somewhat. 
scattered since there are many multi tract farms in Cali-
fornia (28 percent of the farms in the 9 counties are com-
posed of more than one tract). With the farmstead method 
the operators all live within the boundaries of the grid 
(except those not living on their own farm which is about 
30 percent) . 
2. Somewhat less difficult to determine location of farm-
stead. When AAA information on the boundaries of the 
farm is not available the location of the "northwest cor-
ner" or farmstead must be determined by the enumerator 
with the help of the farmer. In this case the location of the 
faI1mstead (if one exists) is easier to determine than the 
"northwest corner." This is epecially true for multitract 
farms. 
3. Can more conveniently measure changes. If the survey 
"'The census definition of farm was followed. If a farm was composed of more 
than one tract of land the "northwest corner" character was established for the 
most "northwest" tract. 
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is to be repeated with the same selection of grids, changes 
in boundaries or numbers of farms may cause some trouble 
if the "northwest corner" method is followed. The use of 
the farmstead would avoid difficulties where· farmsteads 
exist. Unfortunately the farms most likely to change boun-
daries or operators are probably those which do not have 
well defined farmsteads. The farmstead plan, however, 
should have the lesser difficulties of the two. 
4. Farmstead more amendable to a useful scheme of stra-
tification. If county maps are available which show loca-
tions of farm dwellings it is possible to increase the effi-
ciency of the sampling by means of stratification. (See p. 
318.) 
5. Farmstead may be more convenient if survey becomes 
a sample census. In this case it would be quite simple to 
canvass all dwellings located within the sample grid if an 
inquiry on the rural population is desired. 
The word "farmstead" as used here refers to that place 
on a farm where the operator's dwelling and other buildings 
are situated. In those cases where no such farmstead can 
be clearly distinguished it will be necessary to adopt a sub-
stitute index point such as the northwest corner. Although 
as many as 30 percent of the survey farms were found to be 
operated by non-resident operators, the proportion having 
no farmsteads is somewhat less since a farmstead as it is 
regarded here mayor may not include the operator's resi-
dence. 
Before enumeration had begun, a tracing of each sampling 
unit was made from photos on file in county AAA offices. 
These tracings, which were made for each sampled grid 
(copies of which were given to the enumerators), included 
the outlines of the grid, the boundaries of farms which were 
wholly within the grid or whose northwest corners were 
within the grid, and landmarks (such as railroads, irriga-
tion and drainage canals or ditches, roads, creeks, etc.) 
which might guide the enumerator in locating the grid. In 
addition na:me and address of operators (if available) of 
those farms qualifying for enumerations according to the 
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northwest corner criterion of selection (called E-farms, 
after "enumerated" farms), and other information which, 
if available, might help the enumerator in preventing or min-
imizing .errors and reducing costs of travel and time were in-
cluded. Those grids for which available information indi-
cated that no E-farms would be found were not assigned to 
enumerators for visitation. Only those grids which had a 
reasonable probability of having E-farms on them or those 
whose status was doubtful, were assigned for enumeration.1!) 
The use of these tracings was of great aid in facilitating the 
field work and checking on the accuracy of the enumerators. 
(See fig. 7.) 
ESTIMATES BASED ON THE SURVEY DATA COMPARED 
WITH AVAILABLE CHECK DATA 
The problem of checking the accuracy of the California 
sample survey is not easy because (i) accurate data for 
checking the sample are not available and (ii) the sample 
has large sampling errors which make the detection of 
biases difficult. For some items the estimates (by counties) 
available at the California State Statistician's office (BAE) 
are probably suitable for this purpose. For others 1940 
census data, adjusted for alleged incompleteness,2° will be 
useful. 
In table 14 estimates21 made from the survey data are 
presented together with those of check sources. It will be 
convenient to compare the relative standard errors of the 
sample estimates with the indicated relative discrepancies 
for evaluating the possibility of bias. If the relative dis-
crepancy exceeds twice the relative standard error, it would 
be reasonable22 to suspect a bias in sample. According to 
this criterion, it is reasonable to believe that the survey is 
WThis saved time and expense (44 percent of the grids Were not assig-ned) but 
probably introduced a bias. It was planned that eventua!ly (when the great load 
of the early phases of the survey was over) these grids would be more thoroughly 
examined for possible E-farms. See text for discussion of this bias. 
:?( Estimates of incompleteness of the 1940 CenSUl3 have been made by the Division 
of Agricultural Statistics, BAE. The estimated average census incompleteness for 
completely sampled counties is f) percent; ~or ~he incompletely sampled counties, 15 
percent. In other words. the 1940 Cen:-;.us )l:; al.ege<! to be (on the average for gen ... 
eral crop items) incomplete to this £xtent. 
~1See p. 309 for details on estimation procedures. 
"In this case, where even the check data are subject to erlOr, the probability oC 
being right in such an inference is tmmewhat less than .95. 
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Fig. 7. Exatnples of tracings of four grids taken frotn AAA aerkll photographs 
for use by enumerators. 
Shaded areas indicate E-Fartns (fartns whose northwest corners are located with-
in the grid), designated with upper case letters; unshaued farms. with lower case 
letters, were not designated for enumeration; separated tract::; belonging to same 
farm are indicated by tic-in lines; rectangles with diagonal lines indicate farm. 
steads; grid boundaries indicated by broken line. roads, rivers, farm boundaries. etc. 
biased in regard to: Other Cattle, Other Suitable Cropland 
in the completely enumerated counties; Tree Fruits and 
Nuts and "Cropable" Land in the incompletely sampled 
counties. The bias on Other Cattle in the complete co un-
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TABLE .14. ESTIMATES OF THE SURVEY COMPARED WITH THOSE OF 
SEVERAL CHECKS. 
For the 5 "completely" 
sampled countiesa 
-
Sample 
Item survey Check-
estimates 
1. Number of farms (Sampling error in 
percent of mean; E:'stimate-check in 15,300 14,600 
percent) ........................ (±7.6) (+10.5) 
2. Land in farms, aClf'.B . .•... . . . . . . . . . . 2,541,700 2,752,700 
(±1l.3) (-7.7) 
3. Cows kept for milk, head ..... ..... 60,400 79.600h 
(±13.7) (-24.1) 
4. Other cattle, head" .......... , ..... 64,800 103.700b 
(±18.6) (-37.5) 
5. Total cattle, head .................. 125,100 183.300" 
(i) (-31.8) 
6. Acres in trce fruits, nuts and grapes. 212,600 187,OOOb 
(±13.5) (+13.7) 
7. Other crops, acres . ................. 1,015.000 1:077,000 
(±12.3) (-5.8) 
S. Land in crops!, acres . ... , .... , ..... 1.227,800 1,274,100 
(i) (-3.6) 
9. Other suitable cropland, acres ....... 353,000 904,400 
(±14.6) (-61.0) 
10. "Cropable" land h, acres .. 2,808,400 3,452,500 
(±107) (-18.7) 
11. Alfalfa', ae",s .... ....... , .', .. '., . 61,700 85,OOOb (±15.S) (-27.4) 
12. Crain$, acres . ........ ......... .... 433,800· 567,500b 
(±14.5) (-23.6) 
a Estimates on a per grid basis, adjusted for enurnE'ration incompleteness. 
b Estimates from California State Statistician's office. 
, Source of check is adjusted census unless otherwise indicated. 
d'Sacramcnto, San Joaquin, Sutter, Yolo and Solano. 
, Merced, Stanislaus, Yuba and Placer. 
I Yuba not included because of incompleteneS!! in the au,vey . 
For the 4 "incompletely" 
sampled counties 
Saniple 
survey Check-
. estimates 
13,000 13,500 
(±6.2) (-3.7) 
1,547,400 2,334.800 
(±19.3) (-33.7) 
137,200 130,100' 
(+10.1) (+5.5) 
103.200 149,500b 
(±24.6) (-31.0) 
240.400 270,600b 
(i) (-14.0) 
165,300 121,000' 
(±13.5) (+35.6) 
508,200 577,400 
(±11.9) (-12.0) 
673,400 6(19,300 
(i) (-3.7) 
289.800 732.100 
( ±31.6) (-60.4) 
963,300 1,431,400 
(±12.2) (-32.7) 
133'.700 , 142,700" 
(±18.5) (-6.3) 
186,300 r 269.500b 
(±29.3) (-30.9) 
• Census "cropland harvcstcd" + "failure". . 
h, Census ucropland harvested" + "failure" + "idle" + "fallow" + "plowable pasture". 
i Not computed. . 
ties is probably at least in part due to the fact that those 
sample grids not enumerated were usually those in the more 
remote areas of the counties (livestock grazing areas) and 
the resulting effect was not properly taken care of by the 
simple adjustment!!3 procedure adopted. The discrepancy in 
the item Other Suitable Cropland is probably due to faulty 
answers to the question. A check on this item in the sched.., 
2:>These adjustments were made on the assumption that farms missed out were~ 
on the average, the same as those enumerated. 
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ules indicates that neither the enumerator nor farmer 
clearly understood what was wanted. It is also likely, from 
an. examination of the schedules, that the item Other Crops 
is somewhat understated. Acres in Grain and Acres in Al-
falfa were underestimated largely because of incomplete-
ness in enumeration. 
The sample estimates for incompletely enumerated coun-
ties can be expected to be low because large areas were not 
sampled at all. Later, when land-use maps were compiled . 
and examined, it was found that these excluded areas con-
tained mostly grain and range land. Bearing this in mind, 
it seems that the sample compares quite well with the checks 
in both groups of counties. Aside from those previously ex-
plained, no biases appear to be present. The sample survey 
appears to be reasonably free from bias, which may be at-
tributed to sampling method. Those discrepancies which 
appear can reasonably be assumed to be due to (i) faulty 
enumeration, (ii) unsatisfactory methods of adjusting for 
incompleteness in enumeration, (iii) failure to include all 
agricultural areas in the sampling and (iv) sampling varia-
tion. 
COMPARISON OF THE SURVEY WITH THE U. S. 
EMPLOYMENT SERVICE ESTIMATES OF 
FARM WORKERS 
Comparing the survey estimates of hired workers as of 
June 1 with the USES (United States Employment Service) 
report for the week ending June 1, we find for the nine 
counties that the USES number is 65 percent of the survey 
figure. If workers hired by the month are removed from 
the survey figure (since the USES deals essentially with 
"seasonal" workers) we find the USES number is 71 per-
cent of the survey estimate. The discrepancy does not look 
unreasonable, however, when it is remembered that the 
USES does not attempt to cover all seasonal workers but 
just those in the more important crop activities. It is pre-
sented here merely to show that the two independent esti-
mates of somewhat related things are not obviously in 
disagreement. 
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SAMPLING ERRORS OF THE SURVEY AND EXPECTED 
SAMPLING ERRORS OF A STATEWIDE SAMPLING 
The mean square appropriate for computing the standard 
error of the sample mean in this s~rvey is the mean square 
within townships. In terms of coefficients of variation on 
a grid basis, the variability of the sampled populations in 
selected items is presented in table 15. Estimated relative 
standard errors of both the present 9-county survey and that 
of a proposed statewide survey are also presented in table 
15. These data are useful in gaining an idea of the degree 
of variability of farm items in California and the degree of 
accuracy which can be expected from a 5 percent sampling 
using the kinds of survey technique described in this section. 
It can be seen that some items, such as Acres in Wheat, 
Acres in Oats, Laying Hens and Other Cattle, are relatively 
difficult to'obtain accurately by this kind of sampling. This 
suggests that some means of reducing sampling error be 
TABLE 15. ESTIMATED STANDARD ERRORS OF THE 9-COUNTY SAMPLE 
SURVEY AND THOSE EXPECTED OF A SIMILAR BUT 
STATEWIDE SAMPLING. 
(Estimation on a per grid basis) 
Item 
1 Number offarms ........... , .............. . 
2. I.and in farms. acres .. '. _ .................. _ 
3. Tree fruits. nuts and gra(X's, acres ........... . 
4. Other crops, acres ................. ~ ......... . 
5. IiCropable" land, acres ..................... . 
6. AfaHa, acres .............................. . 
7. Small grain, acres .......................... . 
B. Laying hen., head .......................... . 
9. Cows kept for milk, head ................... . 
10. Other cattle, head ......................... . 
I I. Tota1rersons living on farms, number ........ . 
12. Family workers, number .................... . 
13. Hired workers, number ..................... . 
14. Wheat, aere ............................... . 
15. narley, arres ............................. .. 
16. Oats, acres ............................... .. 
Coeffident of 
varilltiona. 
(based on the 
9 countie.) 
(Percent) 
144 
295 
275 
267 
223 
259 
391 
487 
234 
468 
172 
1M 
333 
635 
384 
520 
Relative standard 
error of 
g-oountv 
sample survey 
(Pereent) 
5.0 
10.2 
9.5 
9.2 
7.7 
8.9 
13.5 
16.8 
8.1 
16.1 
5.9 
5.3 
11.5 
21.9 
13.2 
17.9 
A statewide 
5 percent 
samplingh 
(Percent) 
1.7 
3.1\ 
3.3 
3.2 
2.7 
3.1 
4.7 
5.8 
2.8 
5.6 
2.1 
1.8 
4.0 
7.6 
4.6 
6.2 
• Coefficient of average variation within townships on a half-section grid basis. 
b Sample data indicate that as a rou~h estimate there are about 126.000 half ... ection ",ids in the agri-
cultural areas of California which if sampled at the rate used in this survey (4 out of 72) would mean 
that about 7,000 of these grids would be required in the sample. 
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tried. In other parts of this bulletin such attempts have 
been proposed and estimates of their probable effectiveness 
were made .. In table 15 we have presented the sampling 
errors which are obtained by the present kind of survey with 
the simplest kind of estimation procedure. But this is not 
necessarily the kind of sampling or the method of making 
estimates which may be recommended. 
EFFICIENCY OF COUNTY AND TOWNSHIP STRATIFICATION 
When the sample was drawn it was believed advisable to 
stratify not only by county but also by township. This meant 
that four half-section grids were chosen from each standard 
36-section survey township. The gain that this procedure 
accomplished over that of no such stratification (random 
within the nine counties) may be judged by the data pre-
sented in table 16. Shown here are estimated relative effi-
ciencies of county and township stratifications for selected 
items on a grid basis. 
Stratification by county would not increase sampling 
accuracy for these items very much (largest gain of the 
TABLE 1G. EFFICIENCY- OF COUNTY AND TOWNSHIP STRATIFICATION. 
(Estimation on a per grid basis) 
Item 
1 Number of forms ........................................... . 
2. Land in farms, aerrs . ............................. , . 
3. Tree fruits, nuts and graprs, acref:;. . . . . . .. . .................. . 
4. Other crops, aereS. . . .. . .. "............ . ................ , 
5. Other suitable land, acres.. .. . .. . . .. . ... . . . .. . .............. . 
6. Heropable'! land, acres ........ , ................. ,., ........ . 
7. Milk eows, head........ .. .... .. . ...... .. . . .. . . ........... . 
8. Other cattle, head ............................ . 
9. Persons living on farms, number ... ..... . -, ... , , .. . .......... . 
10. Family workerS, number..... . . . . . . . . . . . . . .. . ............... . 
11. Hired workerS, number ............................... . 
12. Alfalfa, acres .......................................... . 
13. Grainb, acres ..... .......................................... , 
14. I.aying hens, number ............................ . 
15. Oats, aeres ................................................. . 
16. Wheat, acres ............................................... . 
17. Barley, acres ............................................... . 
a No stratification taken as 100; fignres nre averages over the 9 counties. 
b Oats, wheat and barley. 
Relative Relative 
efficirnry 
of 
efficiency 
of 
county township 
(Percent) -(Pereentl-
109 154 
100 91 
102 123 
100 100 
100 95 
101 Y9 
112 125 
101 97 
105 125 
109 143 
102 111 
110 134 
100 93 
101 191 
101 102 
101 91 
102 99 
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seventeen items was 12 percent for Number of Cows 
Milked). Stratification by township, however, brought 
about appreciable gains in Laying Hens, Number of Farms, 
Family Workers and Acres in Alfalfa. On the other hand 
township stratification brought no gain to Acres in Fanus, 
Acres in Grain, Other Cattle, Acres in Other Crops, Acres 
in "Cropable" Land. 
Gains from county stratification in California appear to 
be less for comparable items than in Iowa (p. 274). This 
comparison is not well justified, however, since these nine 
contiguous counties in California are probably more alike 
than are all counties in the state taken together. These esti-
mates of county (and also township) stratification efficien-
cies in California are therefore probably lower than those 
which would be obtained for all counties in the state. 
TESTING OTHER METHODS OF STRATIFICATION 
In the attempt to discover some method of stratification 
. which would increase the efficiency of sampling, several 
schemes have been proposed and tested. These schemes are 
described below; the findings are presented in table 20, p. 
317. 
COMPARISON OF DIFFERENT METHODS OF ESTIMATION 
As previously mentioned, the most direct method of esti-
mating an item total for a county from the sample is to 
compute the item mean per grid and multiply it by the total 
number of grids in the county. In this case, the purpose of 
the survey is to obtain an estimate of the mean of the item 
per g1'id. Other information about the county need not be 
known in order to estimate county totals by this method. All 
that is required is an estimate of the item mean per grid (ob-
tained from the sample survey) and a count of the total 
number of grids in the county (available from state highway 
and other type maps). The relative standard error of this 
estimate is the relative standard error of the sample mean 
per grid, since the total number of grids in the county should 
be known without error. 
This method may not, however, be the most accurate 
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method. If other information is available it may be advisable 
to consider other methods of estimation or more specifically, 
in this case, expansion. For instance, if the total number of 
far!lls in the county is known, a more accurate estimate of 
item X may be obtained by computing the mean of X per 
iarm in the sample and multiplying this quantity by the 
known number of fartns. Or, similarly, if the total acres 
in farms in the county is known, then a more accurate esti-· 
mate of item X may be obtained by computing the mean of 
X per acre in the sample and multiplying it by the known 
total acres in farms. Rather than a ratio of item X to num-
ber of farms or acres in farms, regression of X on these 
quantities may be considered. Moreover, still other "con-
trols" (for example, Acres in Cropland) may be more 
effective in increasing the accuracy of estimation or ex-
pansion. 
Other methods of estimation, therefore, require first a 
"control" (that is, some item that is thought to be correlated 
with the item being estimated) and secondly, a statistical 
procedure for using that control. The likelihood that other 
methods of estimation will be better than the per grid method 
(item mean per grid multiplied by total number of grids) 
depends on (i) the accuracy with which the control is 
known, (ii) the degree and nature of association between 
the control and the item and (iii) the statistical efficiency 
with which the control is used. We may consider these in 
the order named. 
In a general sample survey (one in which estimates for 
more than one it~m and for all farms are being sought) the 
most likely controls are Number of Farms, Land in Farms 
and Cropland. With what accuracy are these controls 
known at any given time in California? Any answer is a 
matter of conjecture, but it seems reasonable to believe that 
even at the time of a U. S. Census they are not known with-
in --+- 5 percent of the actual. This being the case, no matter 
how effectively these controls are used, estimates based on 
them can be expected to have errors. 
The degree of association between selected items and two 
controls has been briefly examined, and the results are 
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l)resented in table 17. It can be seen that correlations of the 
two controls differ greatly Mnong the items presented. The 
control nu~ber of farms has the greater correlation with 
total persons and family workers, whereas acres in farms 
has the greater correlation with acres in other crops, acres 
"cropable" and other cattle. This suggests that different 
controls may be needed for estimation of different groups 
of items. 
The problem of determining suitable statistical techniques 
of using controls for estiP1ation is too complex to consider 
here. In the present study it was decided that the taking 
of simple ratios of items to the controls (such as per farm, 
and pel" aC1'e averages) and multiplying by the control 
values (total Number of Farms or Acres in Farms in the 
county) for which estimates were available, would suffice. 
(See p. 276.) It is possible that regression methods may be 
more effective but for the purposes of exploring what may 
be generally expected from the use of controls the ratio 
methods should be satisfactory. 
The variances of estimates on a per farm, and pel' aC1"e 
basis can be estimated24 and compared with those on a pe1' 
grid basis. 
For the convenience of making comparisons among the 
three methods of estimation, table 18 presents the variances 
of these estimates in terms of relative efficiencies for two 
cases; in the one controls are known without error and in 
the other they are known with an assumed relative standard 
error of 5 percent (Eo = .05). It can be seen from these 
data that: 
(1) Estimation on a pel' grid basis is best (except for 
Other Cattle and Family Workers) when the con~ 
"'The approximate formula in terms of coefficient. of Variation is 
C~ = c~ + c; - 2Cc cx• + E~ 
where. CE = coefficient of variation of the estimate. 
Ce• ex = coefficients of variation of the sample means per grid of the 
control and item X. 
r = correlation coefficient of control with item X on a per grid basi •• 
E. = estimated coefficient of variation of error in the control. If the control 
is known exactly then Ee = O. 
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TABLE 17. CORRELAT1'ONa OF SEVERAL FARM ITEMS WITH NUMBER 
OF FARMS AND FARM ACRES, ON A GRIDb BASIS. 
Item 
I. Number offarms .......................................... , . 
2. Land in farms, acres ........................................ . 
3. Tree fruits, nuts and grapes, acres ............................ . 
4. Other crops, aCres ......................................... .. 
6. "Cropable" land, acres ..................................... .. 
6. Cows kept for milk, head .................................... . 
7. Other cattle, head ......................................... .. 
8. Total persons living on farms, number ........................ . 
9. Family workers, number ..................................... . 
10. Hired workers, number .............................. · ........ . 
R An average "within county" correlation of the 9 counties. 
b Half .. ec!ion. 
Correlation 
with number 
of farms 
"':20" 
.39 
.35 
.31 
.36 
.14 
.74 
.84 
.24 
Correlation 
with acres 
in farms 
.20 
...: is' 
.63 
.76 
.16 
.63 
.28 
.19 
.23 
NOTF: Correlation of Acres in Farms and Other Cattle: .95 in Merced, .00 in Placer, .01 in Sutter. 
Correlation of Number of Farms and Fruits and Nuts: .90 in Sutter, .74 in Solano, .23 in Stanislaus. 
TABLE 18. RELATIVE EFFICIENCIES- OF THREE METHODS OF 
ESTIMATION. 
Assuming no error Assuming an errorb 
in controls in controls 
Item 
Per grid Per farm Per acre Per grid Per farm Per acre 
(Percent) (Percent) (Pcrccnt) (Percent) (Percent) (Percent) 
1. Number offarms ............. 100 
.... 89 33 100 145 27 2. Land in farms, acres ........... 100 
.... 63 100 73 394 3. Tree fruits and nuts, acres ..... 100 114 100 91 55 
4. Other crops, aerca ............. 100 104 127 100 80 93 
5. "Cropable" land. acres ........ 100 90 148 100 66 92 
6. Cows kept for milk. head ...... 100 102 52 100 76 44 
7. Other cattle. head ............. 100 97 166 100 88 143 
B. Total persons living on farms, 
95 34 number .................... 100 207 42 100 
9. Family workers. number ....... 100 317 34 100 104 28 
10. Hired worke .... number ........ 100 99 78 100 85 69 
a For a 5 percent sample of the 9 counties surveyed. As absolute size of sample increases. errors in COn-
trols become relatively more important, hence efficiency of per farm and per acre methods would rail. 
b Relative standard error of ± 5 percent. 
troIs are not known accurately. 
(2) If the controls are known accurately ~hen either one 
or the other control method of estimation appears to 
be better than the per grid method (with the excep-
tion of Hired Workers). 
(3) The better of two controls depends on the item being 
estimated. The control Number of Farms is the 
better for: 
Acres in tree fruits and nuts 
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Cows kept for milk 
Persons living on farms 
Family workers. 
The control Land in Farms is the better for: 
Land in other crops 
Land "cropable" 
Other cattle. 
(4) Substantial gains can be obtained in some instances 
by use of a control in estimating if that control is 
known without error. For instance the gain in esti-
mating Family Workers by the control method is 217 
percent over the grid method. 
Other controls (such as Cropland, etc.) have not been 
tested. It is feared that Cropland, for instance, is not very 
accurately known although it may be quite highly correlated 
with some items of interest. 
It may also be profitable to examine other methods of 
estimation such as regression. Regressions, if linear, may 
not add much to the computation burden and therefore de-
serve consideration if the most efficient method of estima-
tion is desired. 
EFFICIENCIES TO BE EXPECTED IF A QUARTER-SECTION 
RATHER THAN A HALF-SECTION WERE USED 
AS THE SAMPLING UNIT 
The choice of the half-section rather than a grid of some 
other size as the sampling unit for this survey was some-
what arbitrary. Informliltion on the relative efficiencies of 
grids of different sizes in California was not available at 
the time this decision was made. A special analysis of the 
survey data was made in order to determine what might be 
expected if a quarter- rather than a half-section were used 
as the size of sampling grid, provided that estimation would 
be on a per grid basis. The expected efficiencies of the 
quarter- relative to the half-section grid if st:ratification 
were to be (i) by counties and (ii) by townships are shown 
in table 19. 
An increase in efficiency can be expected from the smal-
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TABLE 19. EFFICIENCIES OF QUARTER-SECTION GRIDS RELATIVE TO 
HALF·SECT,rQN GRIDS. 
(Estimation on a per grid basis) 
Item 
Relati"e efficiencies of 
.tratification if by 
------;------~ 
County Township 
1. Number of farms .....................•................. 160 162 
2. Land in farms .. , ........ , ..... , .. , .................... . 115 124 
3. Tree fruits, nuts and grapes, acres.. ", ................. . 
4. Other crops, acres ........................................... . 
5. Other suitablc cropland, acres ........................ ' ........ . 
127 122 
110 112 
101 104 
6. "Cropable" land, arres ...................................... . 110 112 
7. Cows kept for milk, head .................................... . 124 123 
8. Otber cattle, head ........ ' ......................... . 
9. Persons living on farms, number ....................... . 
103 106 
140 140 
10. Family workrfs, number ....... ' ................ , . 149 148 
11. Hired workers, llumber .......................... , .. 121 121 
12. Alfalfa, acres ....................................... . 124 118 
13. Grain, aCres...... .......... ... . .... , .......... . 104 109 
14. Laying hens, head .................................. . 137 109 
Av!:'rag{~, .................•.......•.......•.............•• 123 122 
ler grid. The average expected increase for the group of 
items examined was 23 percent (within counties) and 22 
percent (within townships). Stratification by county or 
township has but little effect on the relative efficiencies 
(due to the fact that in these counties and for these items 
variation is usually as great within townships as within 
counties). There were no very great observable differences 
among counties in regard to these relative efficiencies. 
RELATIVE ENUMERATION COSTS OF THE QUARTER· AND 
HALF·SECTrON GRIDS 
In order to judge the over-all survey efficiency of the 
quarter-section grid as compared to the half-section grid 
it will be necessary to estimate the relative cost of enumera-
tion with the two sizes of grids. For this we shall assume 
that relative costs25 will be approximated by those estimated 
for ·Iowa. It is likely that costs of enumerating quarter-
sections will range from 7 percent to 17 percent over that of 
half-sections for this rate of sampling (5 percent). This is 
""Cost conditions in California will be somewbat different. For instance in many 
parts of California (especially on the old Spanish land grants and in the footbills) 
roads are not located as regularly on the section Jines as in fowa. This difference 
i. not great, however, and its effect on relative costs is probably small. Other 
""ssumptions of cost are stated on p. 280. It can be seen that these are not 
identical with those actually encountered in this survey. 
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somewhat less than the 22 percent average26 statistical gain 
to be expected from the quarter-section. For an index of 
over-all or survey efficiency we have 123 --T- 117 and 123 --T-
107 which gives 105 percent to 115 percent as an estimate 
of the relative survey efficiency of quarter-sections when 
compared to that of half-sections. 
There are other considerations which should be made in 
connection with the size-of-grid problem. If sketches of 
each sampling grid are to be drawn for the enumerator, the 
job for the quarter-sections will be the more laborious per 
quarter-section than for half-section. But if the survey is 
one of repeated visits the position of the quarter-section is 
somewhat bettered because after the first enumeration the 
"zero" grids (having no farms on them) will be detected and 
eliminated, thereby lessening subsequent travel. Because 
the larger grids have relatively fewer "zero" grids27 the 
possible saving of this kind is somewhat less than that for 
the smaller grids where the proportion of zero grids is high. 
However the smaller grid is somewhat more difficult to 
supervise (because of greater numbers) and an accurate 
delineation of its boundaries is a greater problem. On the 
other hand it was found in Iowa '(see p. 279) that if esti-
mation is to be made on a per farm or per acre basis, the 
smaller unit may be statistically much more efficient than 
the larger unit. 
Listing some of the conditions or factors which affect 
choice of grid we have: 
1. Favoring the S1naller Size 
a. Statistical efficiency (usually, but method of estima-
tion is important) 
b. Estimation on a per farm or per acre basis 
c. Number of strata large relative to number of samp-
ling units in the sample, and of unequal sizes (sample 
of a larger number' of smaller units can be more 
accurately allocated within the cells proportionately) 
.:.16This '"averageU ma~~ not mean much jf an inquiry is designed to obtain only a 
certain item or small number of items which may diU"r considerably in sampling 
characteristics from this "average." 
:;'>7In Iowa the percentages of "zero" grids for quarter-sections, halC .. sections and 
full sections are about 25 percent, 7 percent and 1 percent respectively; in California 
(9 counties) the percentages are 68 percent of the quarters and 57 percent of the 
half-sections. 
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d. Revisitation of survey farms (such as monthly or 
quarterly visits to same grids) 
e. Lengthy questionnaire. 
2. Favoring the Large?' Size 
a. Costs of enumeration 
b. Determination of grid boundaries 
c. Supervision of field work 
d. Office job of choosing the sample and sketching the 
grids 
e. Effective stratification 
f. Brief questionnaire. 
The effect of stratification on the efficiency of grids of 
different sizes can be shown mathematically but it is suffi-
cient here to state that the more effective th"e stratification 
(that is the greater the reduction of within-strata variance) 
the less efficient the small grid is relative to the larger grid. 
This is true provided that the strata are effective, that is, 
are really accounting for some variation. 
It seems reasonable to conclude that the half-section was 
not far from the best size of sampling unit for this kind bf 
survey. If the questionnaire were lengthened (for a more 
detailed inquiry, or for more different kinds of information) 
it might be wise to choose the quarter-section. For more 
detail on effect of schedule length on best size of" grid see 
(4). On the other hand if the transportation situation is 
troublesome, it may be necessary to increase grid size to 
the full section. (See p. 322 for relative efficiencies of 
the two sizes for other kinds of stratification.) 
EFFICIENCIES TO BE EXPECTED OF SEVERAL PROPOSED 
SCHEMES OF ST~ATIFICATION 
STRATIFICATION BY A LAND-USE CLASSIFICATION 
Each square-,mile section of the nine counties sampled 
was later classified into the following five land-use classes: 
a. Land used essentially for grazing; range 
b. Land used essentially for grain (except rice) 
c. Land used essentially for tree fruits, nuts and grapes 
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d. Land used essentially for general or mixed farming 
e. Land not farmed or likely to be farmed. (Includes 
urban, desert, swamp and water areas; also parks, 
institutions, reservations, etc.) 
Basic information for making this rather simple classifi-
cation of sections was obtained from the aerial photos on 
file in the county AAA offices. The classifier judged the 
appropriate classification for each section by eye inspection 
of its photograph. An example of the completed classifica-
tion of Sutter county is given in fig. 6, p. 296-297. 
With this information it was then possible to test the effi-
ciency to be expected of a stratification scheme based on 
these land-use classes both within counties and within town-
ships. Results are shown in table 20.-
TABLE 20. ESTIMJ\TED RELATIVE EFF'ICJENClESa OF SEVERAL PRO-
POSED METHODS OF STRATIFICATION. 
(Estimation on a per grid basis) 
I Stratification by 
Land-.. e classa • Expected-number-oC-CarlDS class. 
Item Township' Within Within Within Within Within 
counties townships counties townships land-u •• 
classrs 
------------
(Percent) (Percent) (Percent) (Percent) (Percent) (Percent) 
I. Number oHarm., .. , .... , , ... 141 121 220 197 906 228 
2.' Land-ill farms, acres" ..... ',., 91 85 80 lOS 86 99 
3. Tree Cruits, nut. and grapes, 
acres ..................... . 121 124 143 307 661 441 
4. Other crops, acres ...... , ' .. , .. 99 91 87 101 92 101 
5. Other suitabl. land, acrcs, , . , , ' 95 85 79 69 58 64 
6. "Cropable" land, acres, , .. , , , , 99 89 86 98 86 95 
7. Milk cows, head, , ......... , .. 111 109 138 178 279 196 
8. Oth.r cattle, head .... , ........ 95 85 80 69 62 64 
9. Persons living on farms, number 119 115 143 148 214 157 
10. Family workers, number., .... , 132 122 201 163 462 176 
11. Hired workers, number. , , , , , .. 109 98 130 221 IF.8 169, 
12. AlfaUa, acres",.,., " .. ,' , .• , 122 104 133 141 146 157 
13. Grain, acres ....... , , ..... , .. , 93 88 95 le3 198 191 
14. Laying hens, head, , . , , . , , ' , . , 189 88 146 58 4389b 72 
• Grids at random within the county taken as 100; figures are averages for the nine counties. 
b Jt must be remembered these figures are estimates, and therefore due to chance .ome of these estimates 
are too smnll while others arc too high. If Sacramento county is eliminated from this sample, the esti-
mated efficiency of the romaining counties is 761, which in thi. case is probably a better estimate of 
the true efficiency of this method than 4389.-
• Information was not rOldily available to include all counties in all the estimates, Consequently for 
the different methods of stratification the following counties were not included: 
Geo~raphic: Yuba 
I.and-use class: Yuba 
"E.timated-number-of-farms" class: Yuba, Placer, Stanislaus, Solano, San Joaquin. (Except for 
Yuba, these countie. were omitted merely because the proper maps were not immediately available,) 
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STRATIF.rCATION BY AN "EXPECTED-NUMBER-OF-FARMS" SCHEME 
Official county road maps of Califor~ia are available 
which indicate the locations of farm dwellings_ This infor-
mation, although admittedly not free from error, suggests 
a scheme for stratifying samples. Five possible classes for 
half-section grids are established as follows: 
I. 0 farm dwellings shown on maps 
II. 1-3 farm dwellings shown on maps 
III. 4-6 farm dwellings shown on maps 
IV. 7-11 farm dwellings shown on maps 
V. 12 farm dwellings and more shown on maps 
Each of the samples' grids was classified according to 
this scheme (regardless of the number of farms actually 
found on them28 ) and the data were then set up in the form 
convenient for computing the mean squares of items within 
classes. Table 20 presents the relative efficiencies to be ex-
pected if these ENOF· (expected-number-of-farms) classes 
were used for stratifying both within counties and within 
townships. 
SUMMARY OF THE PROPOSED STRATIFICATION SCHEMES 
. The . estimated relative efficiencies of the foregoing 
schemes are presented in table 20. The figures represent 
the efficiency to be expected of the specified scheme relative 
to the efficiency of a sample composed of grids selected at 
random within the respective counties. The efficiency of 
simple township stratification is included in the table for 
use in making comparisons. Since stratification by town-
ships was actually employed in the present survey the esti-
mated efficiency of alternative schemes must exceed that for 
townships before an actual gain can b~ expected. For ex-
ample, the use of the land-use stratification in counties for 
estimating number of farms is probably a less efficient 
method than that followed in the present survey since its 
estimated relative efficiency is 121 compared to 141 for the 
"It is to be e~pccted that the number of farm. having their northwest corners 
within the grids will not necessarily be identical with the number of farm dwellings 
indicated there, but there should be a fair correlation of the two. . 
319 
survey. Compared to the survey it would be (121 -7- 141) X 
100 or 86 percent as efficient as the survey although both 
are more efficient than no stratification within the county 
at all (since both are greater than 100). 
From the standpoint of statistical efficiency alone we 
may roughly rank the stratification schemes as follows: 
(1) Expected-number-of-farms within townships 
(2) Expected-number-of-farms within land-use class 
(3) Expected-number-of-farms within counties 
(4) Land-use class within townships 
(5) Townships 
(6) Land-use class within counties 
(7) No stratification at all. 
There are several items which either did not respond or 
responded but little to any of the schemes tested. These 
items were: Farm Acres, Other Crops, Other Suitable Land, 
"Cropable" Land, and Other Cattle. It will be noticed that 
except for Other Cattle these items are ordinarily of little 
importance in most farm inquiries except possibly for check 
purposes. The behavior of individual crop items, however, 
which make up these acreage items, is not expected to follow 
that of the group in which it is included. For instance the 
item Other Crops includes grain and alfalfa which can be 
seen to respond quite well to the more elaborate stratifica:' 
tion schemes. Land-use class taken alone however does not 
do much for either Alfalfa or Grain Acres. This is due to 
the fact that both of these crops may be found in all of the 
classes as they are set up because both are quite adaptable 
from a land-use point of view and the present land-use 
scheme is not effective enough to discriminate these items 
sharply. (This suggests that the land-use scheme should be 
made more elaborate, that is, expanded to include more 
classes. This is probably advisable to a certain extent but 
there are dangers of carrying it so far that the job becomes 
too burdensome to do and perhaps too unwieldy to use.) In 
fact this same argument may be used to explain the general-
ly low efficiency of the land-use class for the remaining 
items except Tree Fruit and Nut Acres. In other words 
this is not a' good set of items to demonstrate the general 
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discriminating power of this land-use classification scheme. 
Specific crops such as cotton, asparagus, sugar beets, value 
of land, rice, etc. may have been much better. We shall 
therefore not give much weight to these items in making 
comparisons between the schemes. 
The above ranking of the schemes needs to be considered· 
further. The number of strata required for each scheme 
may be of much importance. The approximate number of 
strata required for each scheme per county is: 
Expected-number-of-farms classes ........ 5 
Land-use classes .................. _ ... _ ... _ ...... _ ...... 5 (or less) 
Expected-number-of-farms within 
land-use class ~ ...... _ ... _ ... _ ............ _ ......... 25 
Townships ..... _ .......................................... 26 
. Land-use class within township ............ 70 (estimated) 
Expected-number-of-farms within 
townships ..................................... _._ ..... _85 (estimated) 
The last two schemes are consequently suitable for large 
samples only (probably greater than 5 percent if half-
section grids are used), because they require a large number 
of strata. In view of this limitation it appears that for 
samples of 5 percent or less the most praticable scheme is 
that of expected-number-of-farms within land-use class 
since a maximum of only 25 strata per county are needed. 
Moreover the efficiency of this scheme would probably be 
even somewhat better than it appears if (i) the farmstead 
rather than the northwest corner were used as the criter-
ion for enumerating farms at the selected grid and (ii) a 
certain amount of geographic stratification were added to 
the scheme whenever it appears to be practicable.29 It seems 
reasonable to believe that the efficiency of the scheme may30 
also show up better for those items more highly associated 
with density of farms or with use of land. 
It is of interest now to determin~ the effect of the quarter-
section grid on the efficiencies of the proposed stratifica-
""That is, if unit. of " large ENOF by land-use stratum are widely scattered", it is 
a simple matter to subdivide the stratum into geographic subdivisions which then 
become the strata from which the samp~e must be drawn. If this is done some of 
the efficiency of the ENOF class within townships ought to be obtained. 
"Lack of data prevent. the testing of this opinion in this investigation. 
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TABLE 21. ESTIMATED RELATfVE EFFICIENCIES OF SEVERAL PROPOSED 
METHODS OF STRATIFICATION IF THE SAMPLING UNIT 
IS A QUARTER-SECTrON GRID. 
(Estimation on a per grid basis) 
Stratification by 
Expected-number-of-farms 
Land-use class a class 
within 
Item Township Within Within Within Within land-
counties townships counties townships use classes 
(Percent) (Percent) (Percent) (Percent) (Percent) (Percent) 
1. Number oHarms ............. 162 253 472 221 335 329 
2. Land in farms, acres •......... 124 108 100 114 112 105 
3. Tree fmilo, nut and grapes, 
385 382 164 411 acres ..... .............. '" 122 153 
4. Other crops, acres ............. 112 119 115 112 III 119 
5. Other suitable land, acres .•.•.. 104 70 63 100 98 67 
6. "Cropabl." land, acres ..•..•.. 112 105 98 11l 110 104 
7. Milk cows, head .............. 123 189 199 141 157 195 
8. Other cattle, head ...........•. 106 70 65 102 101 68 
9. P.",ons living on farms, 
number ................... 140 183 227 174 200 202 
10. Family workers, number ....... 148 208 320 197 267 239 
11. Hired workers, number ........ 121 193 187 130 151 193 
12. Alfalfa, acres ................. 118 156 155 136 151 157 
13. Grain, acres .................. 109 202 217 104 101 207 
14. Laying hens. head ............. 109 76 102 145 306 92 
• Expected-number-of-farms within the half-section from which the quarter is drawn-not for the partic-
ular quarter drawn. 
tion schemes_ Estimates of the efficiencies to be expected 
of the smaller size of grid are presented in table 21. The 
best combination of grid size and scheme of stratification 
can be judged from the efficiencies presented in this table 
and in table 22. Again, if number of strata and kinds of 
items are considered, it seems reasonable to say that the 
best and most practicable all-around stratification scheme is 
that of expected-number-of-farms within land-use class, 
using either the quarter- or half-section grid depending on 
the cost situation and nature of the inquiry. (Relative effi-
ciencies of the two sizes of grids are given in table 19.) It 
must be remembered however that these estimated effi-
ciencies of the quarter-section in connection with expected-
number-of-farms stratification assumes that the quarters 
are drawn from half-sections which have been classified 'by 
ENOF and not from quarter-sections which have been so 
classified. If classification were by quarter-sectionsl an in-
31This could be done with the data availab~e but limitations of time and funda 
make it undesirable for the prescnt. 
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TABLE 22. EFFICIENCIES· OF QUARTER-SECTION GRIDS RELATIVE TO 
. HALF-SECT.roN GRIDS. 
(Estimation ·on a per grid basis) 
Relative efficiencies of stratification by 
Land-use dass Expected-number-of-farms 
Within 
Within Within Within Within land-use 
Item County Township county townships county townships classes 
(Percent) (Percent) (Percent) (Percent) (Percent) (Percent) (Percent) 
t. Number of farms ... 160 162 209 
2. Land in farms, acres 115 124 127 
3. Tree fruit., nuts 
and grapes. acres 127 122 310 
4. Other crops, acres .. 110 112. 131 
5. Oth.r suitable 
land, acres ...... 101 104 82 
6. "Cropable" land, 
acres . .......... 110 112 liS 
7. Milk cow., head ... 124 123 173 
8. Other cattle. head .. 103 106 82 
9. Persons living on 
farm. number .... 
10. Family workers, 
140 140 159 
number ......... 149 148 170 
11. Hired workers, 
number ........ , 121 121 197 
12. Alfalfa. acres ...... 124 118 150 
13 .. Grain. acres . ...... 104 109 230 
14. Laying hens, head .. 137 109 86 
• Half-section grid. within specified .trat. taken"" 100. 
b If Sacramento is excluded, this value becomes EO. 
215 112 37 144 
125 109 130 106 
267 50 25 93 
132 III 121 118 
80 145 169 105 
114 113 128 109 
144 79 56 99 
81 148 163 106 
169 118 93 129 
159 121 58 136 
144 59 .SO 114 
117 96 . 103 100 
228 57 51 108 
70 250 7b 128 
I 
crease in efficiency can be reasonably expected. With this 
increase in efficiency it is very l.ikely that the quarter-sec-
tion would be better even if costs are considered. 
The recommended changes in size of grid and stratifica-
tion for general purpose surveys are therefore: 
(1) Selection of E-farms on the basis of farm-
stead (operator's dwelling) rather than north-
west corner. Northwest corner can be used 
for those farms having no farmstead. 
(2) Stratification by an expected-number-of-
farms within land-use class scheme as de-
scribed. 
(3) Size of sampling unit reduced from half-
section to quarter-section. 
On the average the expected increase in efficiency from 
these changes is estimated substantially to exceed 100 per-
cent, varying of course by item. 
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NOTE ON SAMPLE-CENSUS CONSIDERATIONS 
A scheme likely to prove useful for a sample-census type 
'of inquiry could not be tested. This scheme would involve 
a sample matched to have a base such as a census year, the 
purpose of the sample being to provide a means of estimat-
ing change from that base. A scheme of this sort was tested 
in Iowa (4) and found to be quite efficient. It is unfortunate . 
that the scheme could not be tested here. 
CLASSIFICATION OF FARMS INTO "TYPE-OF-FARM" 
GROUPS AS A MEANS OF INCREASING SAMPLING 
ACCURACY-AN EXAMPLE OF 
DOUBLE SAMPLING 
Researchers in farm management have found that in 
many instances type-of-farm classification scherpes are use-
ful as a: means of bringing farms of similar organizational 
features and management problems into more "homogene-
ous" groupings not only for study but also for making 
recommendations. This scheme is particularly useful where 
grouping on a geographic basis (such as a grouping which 
includes all farms in a given township, county, valley or rec-
lamation district) contains too much diversity, attributable 
to what may be regarded as farm "type" differences. 
In order to determine the possibilities of using a simple 
type-of-farm classification as a means of increasing the ac-
. curacy of sampling, a scheme will be proposed and tested. 
Each farm in the sample was classified into one of the 
following seven groups: 
Class designation Number 
Stock ranches .......................................................................................................... 19 
Grain farms .......................................................................................................... 48 
Tree fruit and nut farms ............. _ .....................................•............................. 289 
General farms ................................................................................... _ ............ _ ... 454 
Dairy farms ....................................................................................... _ ................... 282 
Poultry farms ........................................................................................... _........... 35 
··Small·scale" farms ....................................................... _ ................................... 297 
Total .................................................................................. :_ .........•................... 1424 
The procedure of classification was in this instance es-
sentially a subjective one; each farm was put into that 
group which appeared to be most appropriate on the basis 
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of available information. Lack of adequate information 
prevented using more classes such as used by the 1930 Cen-
sus, for instance, which would be quite desirable in mini-
mizing variation within classes. 
It is proposed that sample information be assembled by 
type-of-farm group and that a second or supplemental 
sample of grids be taken for the purpose of obtaining a more 
accurate determination of the numbers of farms in each 
type group. The resulting estimate therefore is a weighted 
estimate where the weights are the estimated numbers of 
farms in each type-of-farm group obtained from the large 
sample. 
Suppose the method of estimation were: 
Ew = fi~Wtlt [4] 
where: fi is the mean number of farms (of all types) per 
grid. 
'Vt is the fraction of all farms which are of type t 
It is the mean of item i per farm of type t 
Ew is the weighted estimate, per grid. (To obtain 
total, E must be multiplied by total number of 
grids.) 
The relative variance of E is given by 32 
2 
C2(Ew) = CT~2 + i:; [~\\'2ta;+~(it -i,v)2 lT;] [5] 
where: (12_ is the sampling variance of fi 
n 
lw = ~Wtih that is, the mean of item i per farm 
weighted by type-of-farm 
u; is the variance of i per farm of type t 
u~ is the variance of the weight Wt 
w 
a~ ~(it_iw)2u2 
The components _n_ and _ 2 W will be propor-
- 2 1 n w 
tiona I to the number of grids in the large sample whereas the 
~w ,,2 
. component is proportional to the number of grids 
lw 
taken in the small sample. 
Hence, if a sample of NT. grids is to be taken to estimate 
fi and \V, and a sample of Ns is to be taken to estimate 1, the 
'"With certain assumptions of independence which are probably not significantly 
in error. 
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relative variance of the sample estimate is given by33 
C2(Ew) = C~ + q + C! [6] 
NL Ns NL 
In table 23 the estimated relative variances of the weight-
ed estimates and their respective components of variation are 
given for a selected group of items. 
In the present sample, NL and Ns were identical, but if a 
gain in sampling efficiency can be obtained thereby, NL may 
be made larger than Ns. Two considerations must be made 
before the suitability of double sampling in this manner 
can be determined. They are: (i) the gain in statistical 
efficiency which is obtainable by taking additional NL grids 
TABLE 23. ESTIMATES OF THE COMPONENTS OF RELATrYE VARIANCE 
IN ITEM ESTIMATES WEIGHTED BY A TYPE·OF-FARM SCHEME. 
(Half-section grid stratified by township) 
Item 
1. Number offarms .................... . 
2. Farm acrrs . ........................ . 
3. Fruits and nuts ..................... . 
4. Other crops .............. ; .......... . 
5. Other suitable land .......•.•......... 
6. Acrrs "crcpable" .... ................ . 
7. Milk cows .....................•..... 
8. Other cattle ....................... .. 
9. Total persons ....................... . 
10. Family workers ..................... . 
11. Hired workers ...................... . 
12. Acres alfalfa ........................ . 
13. Acres grain ......................... . 
14. Laying hens ........................ . 
C2(Ew)'= 
2.0740 
8.7057 
7.6329 
7.1119 
22.1520 
4.9776 
5.4900 
21. 9004 
2.9805 
2.3657 
11.0727 
6.7024 
15.2738 
23.7575 
+ C~ I + C; 
4.0126 '''il:iJiiJ07 
1. 7752 3.78370 
2.7753 2.26263 
2.458£ 17.61915 
1.6589 1.24472 
-0.5374*· 3.95341 
15.6450 4.18138 
0.7684 0.13807 
0.0452 0.24645 
7.7764 1. 22226 
3.5011 1.12729 
7.1454 6.05436 
12.3492 9.33428 
• When N L = N A, C 2(Ew) equals the relative variance of the item per grid, estimates of which were 
obtain.d for other purposes . 
•• In order to reduce the computational burden, Cf was obtained as a residual (C~= C2 (Ew) - C~ - C!) 
where estimates of C!,C 2(Ew) and C~ were obtained from the sample. Therefore estimates of C~ can 
be negative as a result of random fiuctuations, althcugh its true value must be 2:0. 
331n this formula it is assumed that a correction for finite population is Unncces· 
sary. In case the correction is considered necessary, however, formula [6] becomes: 
_ C~ (N-Nr.) + Cr (~) -l- C; (~) C2(Ew)-N;, N Ns N 'N. N [6.1] 
where N is the total number of grids in the population. This may be written 
C~ C1 C; 
C'(Ew) = 'Ni: (l-FL) + Ns (I-Fa) + 'Ni: (I-FL) [6.2) 
in which FL and Fs are the fractions sampled, that is, ~L and ~s. If the 
fraction sampled is 0.05 (5 percent sample), 1-F == .95, which for purposes here 
can be regarded as not significantly different from 1.00. 
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and (ii) the cost of enumerating them. 
An idea of the' total possible increase in statistical effi-
ciency available for double sampling (within the general 
framework under consideration) can be obtained by as-
suming that the quanties estimated by the, large sample, 
that is, fl and w, are knqwn without error(C~= C;= 0) . This 
may be regarded as the limiting case of [6.2] in which FL'~ 
1. Table 24 gives the relative efficiencies for the cases speci-
fied when compared to the efficiency of the sample as it 
was taken. 
It can be seen (table 24) that the accuracy of the items, 
Acres in Tree Fruits and Nuts, Acres in Other Suitable 
Land, Milk Cows, Acres in Grain and Laying Hens, is greatly 
improved if the proportions of farms in each type group are 
known (C! = 0). If total number of farms is also known 
the accuracy of all items is improved and some very much 
so. Other Cattle and Hired Workers, two important items; 
show the least susceptibilty to improvement by this scheme 
(this was true for the stratification schemes also). The 
reason for this in regard to Other Cattle may be tl,lat cattle 
TABLE 24. ESTIMATED RELATIVE EFFICl'ENCIES IF TOTAL NUMBER OF 
FARMS OR THE FRACTION OF FARMS IN EACH TYPE GROUP 
ARE KNOWN WITHOUT ERROR. 
(Sample as taken = 100) 
N umber of farms Fraction of farms I\unlber of farms 
known but in each t"pe krown by 
not by type group known t"pe of farm 
Item 
(C~= 0) (C;= 0) (C;.= C;=o ) 
(Percent) --(Percent)-- ---(Percent)---
100 
. ili7 131 143 1. Number of farms .............. . 2. Land in farms, acres . .......... . 
3. Tree fruits and nuts, acres . ..... . 137 198 430 
4. Other crops, acres . ............. . 141 147 256 
5. Other suitable land, acres ....... . 110 489 901 
171 133 300 
161 357 i40 110 124 
6. jlCropablc'; land, acres . ........ . 
7. Milk cows head ................ . 
S. Other cattle, head ............. . 
329 lOS 2BB 
B11 112 5234 
9. Total perSons, number .......... . 
10. Family workers, number ........ . 
It. Hired workers, number ......... . '123 112 142 
12. Alfalfa, acres .................. . 145 120 191 
13. Grain, acres ................... . 116 166 214 
14. Laying hens, head ............. . 110 165 192 
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and sheep ranches were lumped together in the type-of-farm 
scheme used (information on sheep was not obtained by the 
survey), a procedure that is certainly not recommended if 
accurate sheep and cattle estimates are desired. Hired 
Workers might show some improvement (i) if more types 
were included in the scheme, and (ii) if the survey were 
taken at other times during the year when differences be-
tween farm type groups are probably greater than at May 1. 
In general the efficiencies available to a type-of-farm 
scheme shown in table 24 can be increased if the number of 
type groups is increased (provided of course the variability 
within types decreases). The number and kinds of types 
which will most effectively minimize variability within 
groups will depend upon the item or group of items being 
dealt with. For instance it is likely that sheep and cattle 
ranches do not differ greatly in regard to numbers of sheep 
and cattle. Likewise growers of valencia and navel oranges 
probably do not differ greatly in acres in fruit but would 
differ greatly in numbers of hired workers according to 
season. The appropriate number of farm types for sampling 
efficiency would therefore depend largely on the nature of 
the inquiry. The amount of labor involved in obtaining ap-
propriate data for typing, and the job of determining the 
classification and the complexities of listing and estimating 
may well be the most important factors limiting the number 
and kinds of type groups. The type-of-farm scheme used 
by the 1930 Agricultural Census appears to be a good base 
from which to start. Table 25 shows the numbers to be ex-
pected in each type group and the differences between group 
means for selected items. 
The efficiencies shown in table 24 indicate the maximum 
available with the type scheme used if number of farms and 
the proportion of farms in each type are known without 
error. However these quantities are ordinarily not known 
(except when accurate censuses are taken) and therefore 
it will usually be necessary to obtain sample estimates of 
them. Suppose that these quantities (fig and 'Vg are esti-
mated by means of a large sample of NL grids. From this 
large sample of NL grids a small sample of Ns grids is taken 
TABLE 25. NUMBER OF FARMS AND AVERAGES PER FARM BY TYPE-OF-FARM GROUP FOR SEVERAL ITEMS. STATE OF 
CALIFORNIA, 1930 CENSUS·. 
Number Land in Crop- Value of Value of Value of Value of live- Cows and Other 
Type-of-farm group of farms farm land land and crops sold livestock sold stock products heifers kept cattle 
buildings or traded or traded sold or traded for milk 
(acres) (acres) ($) m ($) ($) (head) --(head)-
1. General.. ................ 4,426 185 41 14,594 881 384 672 4.3 8.1 
2. Cash-grain ............... 4,311 705 348 49,401 6,962 487 303 2.3 6.4 
3. Cotton .................. 2,971 167 110 20,540 6,657 146 201 1.8 2.0 
4. Crop-specialty .........•.. 8,944 174 97 38,656 5,208 118 199 2.1 3.0 
5. Fruit .................... 52,Oll 60 32 28,732 3,984 36 91 .5 .8 
6. Truck ................... 6,688 77 55 28,993 8,717 51 78 .6 1.0 
7. Dairy ................... 15,179 178 44 21,141 364 636 4,898 28.2 24.5 
8. Animal-specialty .......... 2,012 328 84 23,304 B07 3,312 68B 4.0 22.0 
9. Stock·ranch .............. 5,121 2,920 86 53,719 615 8,537 1,107 3.1 111.4 
l(). Poultry ..•............... 15,424 27 6 9,236 171 44 3,282 .8 .8 
11. Self-sufficing ............. 2,233 92 7 4,84[ 34 22 40 .9 1.6 
[2. Part-time ................ 8,525 40 6 6,893 .......... . ......... .......... . ......... . ......... 
[3. Other "abnormal" ........ 880 5[5 98 56,282 .......... . ......... .......... .......... . ......... 
14. Unclassified .............. a,9S[ [68 14 20,489 .......... . ......... .......... . ......... . ......... 
• U. S. Bureau of the Census, type-of-farm. 3(3):385-411. 1932. 
t:8 
00 
329 
for the purpose of estimating item means per farm by type. 
It is possible to estimate the error of the weighted item 
estimates by 
C2 (E- ) _ c! q c! 
'Of - -+-+-NL Ns NL 
If for purposes of comparison we assume that N s is the 
same as the survey (805) and NL = 2Ns, the expected ef-
ficiencies of the weighted estimate compared to the sample 
as taken are shown in table 26. Double samplings of two 
sorts, (i) for number of farms only and (ii) for number of 
farms by type, are indicated. It can be seen that sampling 
for both number and type is somewhat more efficient than 
sampling for number alone. 
Double sampling of this sort is advisable only when the 
costs of obtaining the information in the large sample are 
substantially less per unit than that in the small sample. 
This may be the case if (i) less time is required to obtain 
information on type-of-farm than on the schedule of items, 
and (ii) repeated surveys or visits are planned (such as 
TABLE 26. EFFICIENCIES OF TWO DOUBLE SAMPLING SCHEMES COM. 
PARED TO THE SAMPLE-SURVEY AS IT WAS TAKEN. 
Item 
1. Number offarms ........ , ................ .. 
2. Land in farms, acres . ...................... . 
3. Tree fruits, nuts and grapes, acres . .......... . 
4. Other crops. acres .......................... . 
5. Other suitable cropland, acrcs ................ . 
6. "Cropable" land, acres ..... " ... , . " ...... .. 
7. Cows kept for milk. head. " .... " ......... " 
8. Other cattle, head .... " ............. " " . " . 
9. Persons living on farms, number ............. . 
10. Family workers. number ................... .. 
11. Hired workers. number ........... " " " ... .. 
12. Alfalfa. acres .......... " ... " ... " " " .... . 
13. Gi-ain, acres . .............................. . 
14. Laying hens, head ..... " " " ......... "" .. 
Double sampling- for 
Number of 
farms by 
typc-of.farm 
Number of Number ofCarms group .... umed 
farms only by type group 10 be known 
(Pmcnt) (Perrent) (Percent) 
200 
114 
116 
117 
!O5 
126 
123 
!O5 
153 
178 
110 
118 
107 
105 
200 
137 
162 
144 
180 
150 
'''iii'' 
159 
196 
117 
131 ' 
136 
132 
. "2i7" 
430 
256 
901 
300 
140 
388 
5234 
142 
191 
214 
192 
• Small sample same size and stratification oC the survey (805 half-section grids); the large sample 
twice as large (805 additional haU .. eclion grids) taken in tbe same manner. 
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monthly or quarterly) during some period of time (such as 
a year) and therefore the grids of the large sample need be 
visited but once; either all at the beginning of the survey 
or in parts during the repeated surveys, depending on 
whether estimates are to be made currently or only upon 
the completion of .the inquiry.34 Unless the item schedule 
. (schedule carrying the items· under inquiry and taken on 
the small sample) is especially long (that is, requiJ,-es a long 
time to enumerate) such as it may well be in some farm 
management inquiries, there would be little to be gained by 
this double sampling scheme. The situation in which it is 
most likely to be useful is that where data are to be collected 
at intervals on the same sample of grids over a period of 
time. In this case of repeated visits, a saving in cost is 
possible if inconsequential farms are designated as such 
and removed from further visits during the course of the 
survey. . 
Even where accurate type-of-farm weights are not avail-
able or where it is not feasible to sample for them, it may be 
possible to improve the sample estimates (especially where 
sampling errors are large) by estimating the weights from 
whatever extra-sample information is available. But this 
procedure shOUld be used only with caution. 
A scheme which may be useful for obtaining efficient 
estimates of number of farms but which was not tested in 
this analysis because enumeration farms were selected by 
means of northwest corners rather than farmsteads, is as 
follow: Let ne be the number of farms expected (that is, 
the number of farm dwellings indicated by county road 
maps or AAA photos), no the number of farms observed 
(that is, found in the survey) for any grid, and Ne the mean 
number of farms expected per grid (determined by a count 
of dwellings on road maps and dividing by number of 
grids). Then N the estimated number of farms per grid 
can be obtained by the adjustment, 
N = fio+ b(Ne-fie) 
where b is the regression coefficient of no on ne. Where 
enumeration farms are determined by the location of the 
"'Here it is assumed that type·of-farm changes will not be appreciable during the 
period of the inquiry. 
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farmstead, this method may be quite efficient. 
This adjustment will be appropriate where the bias of ne 
as compared with no is large relative to sampling error and 
if the regression of no on ne is linear. If no is a constant per-
centage of ne (that is the regression of no on ne passes 
through the origin) then the best estimate of 'N may be 
given by the ratio, 
N = ~Ne 
ne 
Moreover if the sampling error of N is large it may be that 
Ne will be the :rnost suitable estimate of N. 
DISCUSSION 
The problem of obtaining more accurate agricultural 
statistics in California has been only touched upon in this 
bulletin. Although results are far from conclusive they are 
nev-ertheless suitable for gaining a perspective of the prob-
lems involved and to recommend what appear to be the most 
fruitful courses to follow from here .. 
In general the grid method of selecting farms which has 
now been tested in Iowa, Arkansas, Florida, Texas and 
California has proved to be satisfactory under wIdely vary-
ing conditions, provided care is taken to prevent biases. In 
California the most troublesome situations met with were. 
(i) multitract farms and (ii) farms having rio clearly 
identifiable farmsteads. These situations, however, can be 
mastered. Because of the greater variability of agriculture 
in California it is necessary to be particularly careful to 
utilize all available information by some such scheme as 
stratifying the sample. Classifications based on land-use 
by expected-number-of-farms appear to be effective means 
of stratification. These in turn should be supplemented by 
geographic stratification. 
If the recommendations suggested are followed, it is rea-
sonable to expect that accuracy of future surveys can be 
more than doubled over that obtained by the described sur-
vey for most items of interest. For a great many items the 
resulting accuracies of a 5 percent sample on a state level 
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TABLE 27. RELATIVE STANDARD ERRORS TO BE EXPECTED FROM 
STRATIFICATION BY ESTIMATED NUMBER OF FARMS WITHIN LAND-
USE CLASS AND DOUBLE SAMPLING FOR TYPE-OF-FARM COM-
PARED WITH THOSE OF THE SAMPLE SURVEY AS IT WAS TAKEN. 
(Estimation on a per grid basis) 
9-county sample survey' A statewide 5 percent samplingb 
If If If If If If 
stratified stratified double stratified stratified double 
Item by by sampled by by sampled 
townsbip ENOF for township ENOF for 
(as taken) witbin TOFo within TOF' 
LUCd WC 
~~-
------ ---
(Percent) (Percent) (Percent) (Percent) (Percent) Percent)) 
1. Number offarms .............. 5.0 2.8 3.5 1.7 .9 1.2 
2. Land in farms, acres . .......... 10.2 10.0 8.7 3.5 3.4 3.0 
3. Tree fruits, nuts and grapes, 
acreS ... ................... 9.5 4.7 7.5 3.3 1.6 2.6 
4. Other crops, acres . ............ 9.2 8.4 7.7 3.2 2.9 2.7 
5. "Cropable" land, acres ......... 7.7 7.6 6.3 2.7 2.6 2.2 
6. Cows kept for milk, head ....... 8.1 5.8 
. i4:iJ· 2.8 2.0 ...... 7. Other cattle, head ............. 16.1 19.6 5.6 6.8 5.2 
8. Total persons, number ......... 5.9 4.2 4.7 2.1 1.5 1.7 
9. Family workers t number . ...... 0.3 3.4 3.8 1.8 1.2 1.3 
10. Hired workers, number ........ : 11.5 8.3 10.6 4 .. 0 2.9 3.7 
11. Alfalfa, acres ................. 8.9 7.1 7.8 3.1 2.0 2.7 
12. Grain, acres . ................ " 13.0 9.4 11.5 4.7 3.3 4.0 
13. Laying hens. head ............. 16.8 17.0 14.6 5.8 6.0 5.0 
• The 9 countill in the described sample survey. 
b Assuming a similar sample survey rovering the state of California . 
• Assuming that in addition to the regular sample a supplementary sample of 0 percent is drawn 
to estimate numbers of farms in each type-of-farm group (see p. 323). Half-section grid as sampling 
unit. 
d Quarter-sectioD grid as sampling unit. 
will probably exceed that of the Census.35 Table 27 shows 
some estimates of relative standard errors for selected 
items expected on a state level from a statewide sample 
survey. It must be remembered that the estimates in table 
27 are necessarily rough since estimates for the state are 
based on an extrapolation of the variability found in the nine 
surveyed counties. Moreover the efficiencies which should 
result from the suggested improvements have not been in-
cluded, since they are not known, and therefore these errors 
may be somewhat overstated if we are considering what 
appears to be the best way of sampling. In general the. 
errors, although probably larger than we would like, do 
look as though they may be tolerated. Those which may not 
35ft is a malleI' largely of conjecture, hut it is reasonable to believe that the 1940 
Agricultural Census of California is probably in error greater than 5 percent on 
most agricultural items due mostly to incompleteness. 
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be satisfactory (such as Other Cattle and Laying Hens) 
may respond to further study. 
The case for a sample census of California agriculture is 
strengthened if at least two concessions are made, (i) that 
some specialty items are too difficult to estimate by a gen-
eral purpose sample and (ii) that it will be difficult to ob-
tain suitably accurate estimates for areas as small as coun-
ties unless an unreasonably large proportion of the farm 
population is sampled.sa If this is done, attention can be 
given to those more widely prevalent items which a sample 
census can efficiently and effectively estimate on a large 
area basis. 
SUMMARY AND CONCLUSIONS OF CALIFORNIA SURVEY 
1. The California survey has been described and its sam-
pling aspects evaluated. The half-section grid was used 
as the sampling unit. These grids were selected at ran-
dom from town~hip strata. 
2. Although the northwest corner of the farms rather than 
the farmstead was used as a criterion for selecting farms 
to be enumerated, the latter is believed to be more suit-
able. 
3. A scheme of stratification by an expected-number-of-
farms class within land-use class is recommended over 
that of townships, which was used in this survey. 
4. Sampling errors, although large on a county level, are 
probably satisfactory (for most of the important items) 
on a state basis. 
5. The grid method of sampling was quite satisfactory 
under California conditions. The most troublesome 
situations met with were absentee operators and large 
multitract farms. The method appears to be reasonably 
free from bias. 
a·1f changes are being estimated it may be possible to do something on the county 
level hy sample if experience in Iowa is appropriate. In that state it was found 
that matching grids marked'y improved accuracy in measuring changes and there· 
fore it fo!lows that estimates may he hazarded on smal!er areas. 
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APPENDIX 
MECHANICAL PROBLEMS OF DRAWING A STRATIFIED 
RANDOM SAMPLE OF ,GRIDS 
By EARL E. HOUSEMAN 
The purpose of this appendix is to indicate how the grid method of 
sampling works and thus help clarify questions that might be in the 
minds of those who are unfamiliar with it in practice. There is some 
repetition of what is given elsewhere in the bulletin; however, it ap-
peared worthwhile to include a separate section on the mechanism 
of the grid method and to show how it can be adapted to meet various 
irregularities. Before proceeding to the selection of a sample, some 
of the fundamental theory upon which the method is based is reviewed. 
Since the sampling error depends upon the variation among sam-
pling units within strata, it is important to designate the strata and 
sampling units so that the sampling units within a stratum are as 
homogeneous as possible, without making an unreasonable amount 
of work. Aerial photog-raphs and other sources of information now 
available make it possible to group quite effectively the sampling 
units by land use, intensity of farming or other factors which are re-
lated to the items in question. Simple geographic stratification is 
easy to use and may accomplish to a lesser degree what can be gained 
by a more elaborate process. 
The method described herein consists of delineating the area to be 
sampled into small geographic units (section, half-section, etc.), of 
approximately the same size, which have been called grids. Then, for 
a given definition of a farm (or unit of observation) each farm is 
associated with one and only one grid. This is achieved by defining 
a unique identification point for each farm and assigning each farm 
to that particular grid with which its identification point is associated. 
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In Iowa, for example, practically every farm has one and only one 
farmstead whose location makes a good identification point. In regions 
where a sizeable portion of the farms do not have farmsteads or where 
multitract farms exist, the choosing of an identification point is more 
complicated. (See p. 298.) 
If each farm is associated with one and only one grid, a process of 
selecting a sample of grids which gives each grid the same probability 
of being drawn also gives each farm the same probability of being 
selected. The farms whose identification points fall within the selected 
grids constitute the sample of farms. 
It is probably worth pointing out the manner in which "grids" and 
"farms" are reconciled with the following definition of a random 
sample. Given a population (or stratum) consisting of N units, a 
sample comprised of n of these units is random if every possible com-
bination of n units has an equal chance of being the sample. In our 
case the N units are all grids in the population. Thus· the grids are 
the sampling units; the sampling error depends upon the variability 
among grids, and the sample size is the number of grids in the sample. 
The ultimate unit for which information is obtained, however, is the 
farm, which is frequently referred to as the unit of observation in order 
to distinguish it from the sampling unit. Although a random selec-
tion of grids gives each farm the same probability of being in the 
sample, not all possible combinations of a fixed number of farms have 
a chance of being drawn. Therefore, strictly speaking, a random 
sample of grids does not constitute a random sample of individual 
farms. The use of the grids, however, is a means of getting an un-
biased selection of farms. We have followed the conventional use of 
"sampling unit" as a general term but prefer to use the term "grid" 
for that particular kind of sampling unit used in these surveys, with 
no restrictions placed on its size or shape. A grid the size of a half-
section is referred to as a half-section grid or simply a half-section. 
In areas where it is profitable to stratify the grids by both land use 
and the estimated-number-of-farms, the drawing of the sample can 
be carried out in three steps for each county or any suitable geographic 
area. (i) Examine the aerial photographs and on a map mark within 
each grid, using letters of the alphabet, the land-use class to which it 
belongs. (ii) From information obtained from county road maps which 
indicate the location of farm dwellings, place subscripts on the letters 
to show the class of estimated-number-of-farms to which each grid 
belongs. Grids having the same letter and subscript comprise a 
stratum. (iii) Number the grids in each stratum and select at random 
a proportionate number from each. These three steps will be discussed 
briefly in the order in which they occur. Obviously a general sampling 
procedure must be adapted to local conditions. For example, stratifica-
tion by land use as considered for California is probably not worth 
doing in Iowa. 
It is not believed advisable to try classifying units smaller than a 
section as to land use. Thus if a half-section is used as a sampling unit 
each half belonging to the same section would always be in the same 
land-use class. Geographically, the grids belonging to the same land-
use class tend to fall in groups of contiguous grids. Thus stratifica-
tion by land use amounts to delineating the population into areas 
that are more homogeneous than the areas within townships. 
From official county road maps, which indicate the location of farm 
dwellings, one can count the number of farm dwellings indicated in 
each grid. Aerial photographs are not as convenient to use for this 
purpose, but provide useful supplementary information. For example,. 
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in areas where a sizeable portion of the grids unquestionably have no 
farms on them, the photographs would be helpful in excluding the un-
occupied grids from the population to be sampled. The classes of 
estimated-number-of-farms might be as follows: The first class could 
be the grids with no dwellings indicated on them, but grids that can-
not be safely considered as having no farms. The second class could be 
the grids with one or two farms indicated on them or whatever group-
ing seemed appropriate, etc. To show the ENOF class to which each 
grid belongs, subscripts can be placed on the letters used to indicate 
the land-use class as stated above. 
In counties where a large number of farms are without farmsteads, 
the value of ENOF stratification appears questionable. Such counties 
usually contain a large portion of citrus, truck, or other specialized· 
farms. A useful alternative might be to examine the aerial photo-
graphs and stratify the grids by eye according to the intensity of 
farming or the amount of land under cultivation. It is not known just 
how elaborate the stratification can be made before it becomes un-
profitable. The job of stratifying by land use and ENOF might seem 
burdensome, but the work proceeds quite rapidly after it has been 
started. If the grid method of sampling were to be used continuously 
for a period of years, stratification could profitably be made more 
elaborate than if the method were used only a short time. 
In selecting the sample one can start with counties, numbering the 
grids in each land use-EN OF class, and then select a proportionate 
number of grids from each class. This approach has its shortcomings 
in the case of varying small numbers of grids per stratum because of 
difficulty in keeping the sampling proportional to the number of the 
grids. Where the total ·number of grids in a land use-ENOF class is 
small, a preferable approach might be to start with groups of counties 
and ignore county lines within each group. Then the grids comprising 
each land usc-ENOF class in a group of counties would be numbered 
consecutively. 
If the sampling rate is 1 grid out of 20 and it is desired to have 2 
grids selected at random from each ultimate stratum, the grids in a 
land-use-ENOF group numbered from 1 to 40, 41 to 80, etc., should be 
located geographically as near together as possible. Then, by selecting 
at random 2 numbers between 1 and 40, 41 and 80, etc., we have a ran-
dom sample stratified geographically, by land use, and by ENOF. 
Attention is now turned to a number of irregularities with which 
the sampler must cope as shown in fig. 8, which is a small portion of 
a map of a Florida county. The lower edge of the figure is the boundary 
between two counties. Part of the boundary is a diagonal line cutting 
across the sections and the remaining part is a river. Sections such as 
21 or 29 in the lower left-hand corner present no difficulty. For pur-
poses of sampling one could change the county line so it is zigzag and 
coincides with section boundaries. Where the river is the boundary, 
the altering of the county line to coincide with section boundaries is 
not satisfactory because of travel considerations. To alleviate this 
situation, the grids can be chosen in such a way that the river does not 
run through them. For example, assuming a section as a sampling unit, 
the parts of sections 27 and 28 just above the river can be combined 
into a single grid which would be about the size of the average section. 
If these two parts were smaller they could be included as portions of 
sections 21 and 22 just above; or, if it is practically certain that no 
identification points fall within them, they could be ignored. The 
grids that are arbitrarily defined should be clearly indicated on the 
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map to prevent ambiguity about the population of grids from which 
the sample is to be drawn. 
The small rectangular-shaped areas that can be seen in fig. 8 are 
old land grants. Many of these· grants can be ignored and the section 
lines extended through them. More prudence is required, however, 
for the area in the vicinity of the grant numbered 47, which has 
several farms indicated within it. In case section 21 is drawn for the 
sample, the northwest or northeast corner of the section could be 
located on the aerial photograph, if available, and a grid one mile 
square drawn on the photograph in the proper position. The enumera-
tor would be supplied with either a brief sketch of the section showing 
various landmarks (see fig. 7) or with a photograph of it. Sections 
20 and 28 could be handled in a similar manner. _ 
Without photographs the grids should be laid out so their boundaries 
are identifiable in the field in relation to various landmarks. This 
case is illustrated by a block of 12 sections in the vicinity of grant 
number 47 which has been redrawn in the lower right-hand part of 
fig. 8, omitting the detail and showing grid boundaries that might 
be used. In determining these grid boundaries two factors were kept 
"poundaries of Ie. c:\t""id:. 
Fig. 8. A map of part of a Florida county. 
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in mind. The first is that roads serve as good boundaries, and secondly, 
it is desirable to equalize the number of farms indicated in each grid 
if an ENOF stratification is not used. The first consideration, which 
is that of choosing the grids to facilitate the field work and trying to 
eliminate errors due to ambiguous grid boundaries, is the more im-
portant. In redrawing this area the roads were represented by heavy 
lines, which are solid where they serve as grid boundaries and broken 
elsewhere. The official section lines are solid whereas the section lines 
through the grants are simulated by broken lines. The areas within 
the grids drawn for the sample can be shaded on a map to be given the 
enumerator. It is not always necessary to have all of the grids in the 
population clearly marked before the sample is drawn. The important 
thing is to prevent the making of decisions about the boundaries of 
the grids in the sample after a selection has been made. 
In the case of a grid like section 25, which protrudes into the large 
grant in the center of fig. 8, it is not important that its boundaries be 
exactly identifiable since there is little likelihood of any farms having 
their identification points in the vicinity of that section. In states 
which have not been surveyed into sections the possibilities of making 
a random selection of photographs and marking a grid on each of the 
selected photographs according to a definite rule should be examined. 
The area shown in fig. 8 is one of the most complicated areas found 
in Florida as far as selecting the sample is concerned. Many irregu-
larities are encountered, but they are not of frequent enough occur-
rence to cause alarm if proper precautions are taken. In many cases 
aerial photographs can lessen the time and increase the accuracy of 
the field work. 
